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PREFACE. 



At the request of Messrs. H. Champin and Gillet, I have 
prepared, upon the Hydraulic lime of Teil, the following observa- 
tions, which are drawn j&om numerous reports upon the subject, 
from private sources, and from a personal knowledge of the 
value and applications of this lime. 

LEONARD F. BEOKWITH, 0. E. 
Ill Broadway, 
N*w York, FeUyrwiry^ 1873. 
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FABRICATION OP TEIL HYDRAULIC LIME. 



GENERAL DESCRIPTION. 

Quarries. — ^The limestone quarries of Teil are situated on the 
banks of the River Rhone (Canton of Yiviers, Department of 
Ardeche, France), and have been worked for several centuries. 
They produce a silicious hydraulic lime celebrated for its capacity 
to resist the destructive action of the sea. It is known in commerce 
under the name of Hydraulic Lime of Teil. 

The quarries of Teil belong to the Lower Neocomian Marls of 
the Cretaceous Formation, and constitute the beds known to geolo- 
gists under the name of criocera limestones, so-called from the 
resemblance of their fossil shells to a " ram's horn." These beds 
are worked by two companies, Messrs. Pavin de Lafarge, and 
Messrs. Soullier & Brunot. As the method of fabrication is the 
same in both companies a description of the works of the first will 
suffice. 

The Lafarge quarries are opened on a length of 1,470 feet with 
an average height of 400 feet, and consist of three superposed 
layers of compact and homogeneous stone. The limestone is chiefly 
mined by the help of acid, which eats a cavity at the bottom of the 
drill hole and enables a heavier blast to be obtained. 
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The quantity of broken stone daily burnt averages 818 cubic 
yards, corresponding to a product of 500 tons of screened lime. 

Burning* — The works, situated on the river bank at the foot of 
the quarries, contain 34 continuous lime kilns, which consume daily 
100 tons of coal. Each kiln has a daily capacity of 130 cubic yards 
of lime. The heat at which the limestone is burnt is only sufficient 
to expel the carbonic acid and not to vitrify any part of the stone. 
The doors of the kilns open into vast sheds where the burnt lime 
goes through the process of slaking. 

Slaking. — The slaking of hydraulic limes is always attended 
with difficulty, owing to the presence of lumps of burnt stone harder 
than the rest, and which cannot be slaked without previous crush- 
ing. These portions make a mortar of irregular consistency, and by 
slaking subsequently in the masonry might destroy it ; moreover, 
danger attends the transportation of unslaked lime. 

The above considerations have caused the general adoption of 
slaking hydraulic limes at the works. Formerly the slaking was 
done with a copious use of water ; this practice has been discon- 
tinued, and slaking by sprinkling substituted. The burnt lime 
direct from the kilns, in thin layers, is lightly sprinkled with water, 
by a workman with a hose. The sprinkled lime falls into powder, 
is shovelled into heaps, and the slaking is completed by the help of 
the steam evolved, which penetrates the interstices of the mass. 
The lime remains in heaps about ten days ; at the end of this time 
it is in sufficiently fine powder to be screened. 

Screening* — The screens, similar to those used in flour mills, 
consist of sieves of No. 40 fine wire cloth, of 50 brass wires to a 
lineal inch. In the burning of lime, portions of the stone are im- 
perfectly calcined ; this arises either from the fire not reaching them, 
or from their peculiar chemical composition being unfavorable to 
burning at the low temperature employed. These unbumt portions 
are separated by a coarse sieve placed over the hopper of the shute 
leading to each screen. The burnt lime fully slaked in powder 
passes through the coarse sieve into each screen, J&om which it 
falls into a collecting chamber below. The bottom of this chamber. 
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or flour-bin, eonBista of hoppers by which the hme is drawn off for 
packing. 

The fine lime ia powder, passing through the screen, leaves be- 
hind it numerous particles of the size of grains of sand. These 
pftrticles are calcareous concretions, which do not contain anfflcient 
f free lime to become reduced to powder by slaking ; they form in 
^ality a natural cement which ia a valuable addition io the hydrau- 
Htc energy of the lime. The screenings are therefore collected and 
ind to powder, this operation being substituted for slaking, which 
I was found to bo impoasibln, A small elevator of sheet iron buckets 
i chain returns the groxmd screenings to the screens, 
where their admixture with the slaked lime in powder coming from 
the kilns takes place uniformly and regularly. The grinding of 
the screenings keeps 19 pairs of grindstones constantly at work. 

Tliis method of slaking and screening Teil hydraulic Hmo at the 
works before delivery, haa been practised since 1845. It ia from 
bbiH date that the use of Teil hme in powder spread rapidly through- 
Bat France. 

Pocking. — Teil hydraulic lime, slaked and screened ready for 
delivery, is a Sue impalpable powder, and very homogeneous. It 
i:# usually packed in linen sacks of uniform size, which contain 110 J 
pounds (50 kilogrammes) net weight of lime in powder. Uniformi- 
ty in weight is obtained by a simple apparatus consisting of a sus- 
pended Beam Scales ; the short arm holds the sack ui>der the mouth 
if the hopper until, the weight of llOJ pounds being reached, the 
Beam descends ; the packer closes the slide of the hopper, dehvers 
.ck to be closed and sealed, and places another sack in its 
The sacks are closed and sealed with lead at the works, 
ud the buyer is secured against fraud. 

r Packed in this way, Teil hydraulic lime haa been shipped to 
fcgreat distance by railroad and by sea, without suffering deteriora- 
For long voyages, however, a new method of packing it in 
rrels of 4G3 pounds net weight has been adopted. The barrels 
■OBtain a lining or bag of thick gummed brown paper hermetically 
lealed, which preserves the lime during any length of time from 
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alteration through absorption of carbonic acid and water from, the 
air. Thick brown paper is an excellent non-conductor, and is air- 
tight. 

Teil hydraulic lime is less liable than cements to alteration, aa it 
depends chiefly for its hydraulic energy on silicate of lime, which 
after hydration contains 27 per cent, of its own weight of water. 

One hundred pounds of Teil lime contain about 66 pounds of 
silicate of lime, which require 25.7 pounds of water for hydration ; 
Teil lime in powder may thus absorb small quantities of water 
without much danger of alteration. 

The establishment of Messrs. Favin de Lafarge coniains besides 
the 34 Hme-kilns, 30 screens, 19 pairs of grindstones, 4 steam-en- 
gines, 1 water-wheel, and is well supplied with appliances such as 
tracks, docks, cranes and scales for handling lime. It employs 600 
workmen and manufactures its own fire-brick, 2,000 tons annually, 
for the lime-kilns. The average yearly production is 100,000 tons 
of screened lime in powder. The size and completeness of these 
works enable the hydraulic lime to be manufactured on an exten- 
sive scale, and the product turned out is homogeneous and very 
uniform in composition. 



COMPOSITION, STRENGTH, AND METHODS OP 
USING TEIL HYDRAULIC LIME. 

Analyses* — Raw Teil Limestone analyzed by Professor Rivot, 
School of Mines, Paris, presents the following composition : 

Lime 46.3 

Oxide of Iron 0.7 

Silica, Quartz Sand, and Clay 15.0 

Carbonic Acid and Water 87.0 

Teil limestone when dissolved in acid leaves an insoluble residue, 
varying from 12 to 17 per cent, of the total weight, and composed of 
free siHca and quartz sand, with a very small quantity of clay. When 
analyzed this residue gives a constant proportion of 10 of silica to 1 
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of alumina ; the clay, however, in its natural state is not attacked 
by.chlorhydric acid. 

The above analysis reveals the fact that a part of the silica is un- 
combined ; though pulverulent, it is not easily dissolved by alka- 
lies, as when Teil limestone is boiled with a diluted solution of -jV of 
X^otash, only 1.87 per cent, of silica is dissolved ; when the lime- 
stone is attacked by an acid, the silica remains as a muddy residue. 

These characteristics indicate that Teil limestone belongs to the 
class of silicious hydraulic limestones. 

After burning, Teil lime analysed by Professor Eivot gives the 
following composition : 

Lime 78.29 73.60 

Oxide of Iron traces ' traces 

SiUca. 1 8 . 20 V 1 7 . 20 ^ 

Alumina 1.8aV21.71 1.70 (20.50 

QuartzSand 1.71 ) 1.60) 

Water and traces of Carbonic 
Acid — 5.00 

99.60 99.10 

Yicat gives the following analyses of Teil lime, containing a very 
small quantity of magnesia : 

Lime 68.941 77.760 

Magnesia. 0.612 0541 

Silica 26-^9)30.447 ^^^'^H21.m 

Alumina. 4.378) 1.126$ 

Peroxide of Iron traces traces 

The analyses show that Teil lime is very silicious and slow set- 
ting ; it may be considered as the type of this variety of hydraulic 
limes, of which the mortars are remarkably durable in marine 
structures. 

Theory of Concretion. — Silicious limes, like Teil hydraulic 
lime contain before burning, carbonate of lime, silica in fine 
sand, with a very small proportion of clay and oxide of iron. 

By calcination at a low heat the carbonic acid is driven off, leav- 
ing an excess of quick-lime, with part of which the silica and 
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alumina combine as silicate and aluminate of lime. The result is 
very uniformly : 

70 to 80 per cent, of quick-lime ; 

30 to 20 per cent, of silicate of lime, with a small quantity of 
aluminate of lime, and uncombined quartz, intimately mixed. 

CnO + Si O:, . 3Ca O + Al, O3 . 3 Oa 0. 

If the small quantity of alumina and iron is neglected, the com- 
position of 100 lbs. of freshly burnt Teil lime is : 

Silica 23 

Lime 77 

The 23 lbs. of silica are combined with 43 lbs. of lime, forming 
silicate of lime SiOa. 3 CaO 

jSUica 23 

( Combined lime 43 

Free or quick-lime 34 

"Wlien slaked by sprinkling, the quick-lime alone is hydrated, the 
siUcates and aluminates remain anhydrous (Chatoney and Rivet). 
Practice shows that 14 lbs. of water are required to slake 100 lbs. 
of fresh Teil lime; in consequence of evaporation, only 10 to 11 lbs. 
of water remain, which is the requisite quantity for hydrating 34 
lbs. of free Hmo. 

The hydraulic -energy of the lime is due to the anhydrous condi- 
tion of the silicate and aluminate of lime, which, when the mortar is 
subsequently mixed, form hydrosilicates and hydroaluminates of 
lime by combining with 6 equivalents of water, and crystallize. 

CaO.HO.+SiOa.SCaO.GHO.+Alj O3.3OaO.6HO. 

A perfect setting of mortar is due to the simuUaneoics crystalli- 
zation of the above elements, which grasps and binds the grains of 
sand and gives strength and hardness to the mortar. 

The dampness which mortar^ throw off in setting, is due to the 
crystallization,' which, in taking place, absorbs only the necessary 
number of equivalents of water, and rejects the surplus; the 
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l-eaergy of setting ia in proportion to the absence of an exoesB of 

The hardness of the interior of a mortar is due to the hardness 
I'of the crystals and to the slowness of their formation. It is 
Kdacreased by the subsequent eyaporation of the excess of water, and 
e absorption by the lima of carbonic acid from the air, producing 
I'an enveloping crust of carbonate of lime. This absorption, which 
■slowly progresses from the exterior inwards, requires considerable 
I time in which to act 

An imperfect setting is due to the presence in the mortar of sub- 
. stances which do not crystallize eimultanoonsly, but irregularly, 
some later than others. Sulphates of lime and magnesia crystal- 
lize more slowly than the elements above mentioned, and are very 
destructive to mortars, aa, by expanding at the moment of crystalli- 
zation, they produce cracks and fissures. 

I crystallize slower than the 
f presence in moderate pro- 



r inferior hard- 



Silicate and aluminate of n 

same combinations of lime, and their 

portions is injurious, and produces diaiategration 

neas in parts of the mass after the general setting has occun'ed. 

(Eivot.) In considerable proportions, however, as in Rosendale ce- 

niente, it is probable that the silicate and aluminate of magnesia causti 

the entire mass to partake of the character of their slower crystalliai- 

i tion, and their presence ia not injurious. Both silicate and alumi- 

) of magnesia are strongly hydraulic, and when alone they re- 

I aiat very successfully the action of sea water ; their value, however, 

[■'ia sea mortars in combination with silicate and aluminate of lime 

s questionable. 

Unslaked particles of lime, which crystallizo as hydrate of lime, 

I inibsequent to the setting of the mortar will swell and crack the 

KlBass. Sand and oxide of iron in lime act usually as inert sub- 

|iBtances. 

A elow-setting hydraulic lime, such as Teil lime, crystallizes alow- 

I ly, and produces well-defined and atrong crystals ; the slowness of 

I I setting is an additional guarantee against the disruption of mortar 
I by the later crystallization of some of the elements. Quick-setting 
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cements form a rapid and irregular crystallization of small crystals, 
and are, therefore, to be used with caution, where works of impor- 
tance are undertaken. 

To obtain a good mortar which will harden rapidly, it is essential 
to have the lime completely slaked, and to use only the quantity of 
water absolutely necessary to accomplish this in mixing. The latter 
should be very thorough, each particle of sand being coated with a 
thin envelope of lime. 

An excess of either water or lime in proportion to sand is bad ; 
the first makes a porous and friable mortar, and the second pro- 
duces shrinkage, with loss of cohesion. 

Weight of Teil Hydraulic Lime.— Teil hydrauHc Ume, 
slaked and screened, in powder, weighs per cubic foot, loose meas- 
ure, 43 1 to 45 pounds. M. Noel, Director of the Arsenal Hydraulic 
Works, Toulon, gives as the weight of Teil lime, in powder, loose 
measure, 42| to 43| lbs. per cubic foot. The weight per struck 
U. S. bushel, loose measure, is 54 J to 56 pounds. 

Tests of strength. — The proportion of sand to lime has great in- 
fluence upon the crushing and tensile strength of mortars. Numerous 
experiments with Teil mortars have been made by M. Pascal, Chief 
Engineer of the Works of the Port of Marseilles, and also by M. 
Noel, Director of the Hydraulic Works of the Naval Arsenal, 
Toulon (during the construction of three large graving docks, in 
which about 20,000 tons of Teil lime were employed, 1853 to 1865). 
The following tables are a summary of the tensile strength and 
crushing weight in pounds, per square inch, obtained in the above 
experiments with Teil mortars, after immersion in the sea during 
various lengths of time. 
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Table II. — {EssperttnerUs of M. Paaccd.) 
Mortftr of 8 parts of Teil lime to 5 of sand, in yolume. 



1 

TlXB OP IlfMKRSIOy. 


Tkibil* Strbkoth 

ISr POUNDS 
PBR BQUABK INCH. 


Tun OP IMM BBSIOK. 


CBmiinro WnoHT 

W rODNDS 
PBR SQUABS INCH. 


After 3 month8 .... 
" 6 »* 
" 22 " 


57.59 

86.03 

121.30 


After 15 days .... 
" 30 " 
« 45 " .... 


121.70 
184.29 
266.77 



Table HI. 

Mortar composed of 564^ pounds of Teil lime per cubic yard of sand contain- 
ing 33% of voids. 





Tensilb Strbngth 




Crushing Wright 


AOB OP MORTllt. 


IN POUNDS 


Age OP Mortar. 


IN POUNDS 




PER; SQUARE INCH. 




per squabr inch. 


45 days 


38.42 


45 days 


205.04 


90 « 


83.77 


90 " 


259.15 


180 « 


94.86 


180 " 


504.24 


1 year 


120.94 


1 year 


588.99 



In one instance a mortar composed of Teil lime and basaltic 
sand, after eight months immersion in the sea, acquired a tensile 
strength of 129.40 lbs. per square inch. 

According to investigations made during the construction of the 
great Cherbourg Breakwater, the cohesive strength required in a 
mortar to withstand the battering action of the waves, should be 
about 29,500 lbs. per square yard, or 22|lbs. per square inch. 
The tables show conclusively that the mortars made with Teil lime 
have a greater strength than is required for masonry the most 
exposed to the sea. 

Slaking and Mixing. — Teil lime unslaked, in lumps, weighs 
36^ lbs. per cubic foot. When slaked to a paste, the increase in 
volume is 0.35, and the increase in weight is 0.95. 
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Slaked and screetiBii Teil lime in powder weighing -tOI lbs. per 
cubic foot, made into paste, contracts in volume 0.41, with an increase 
in weight of 0.34. 

The slakiiig of Teil qiiick-lime requires 14 lbs. of water per 
100 lbs. of linie ; subsequent evaporation leaves about 10 lbs., aome- 
times 7 lbs. of water remaining in one hundred of lime. 

The hydration of 100 lbs. of Teil lime requires 28 lbs. of water ; 
lyjr cubic feet of lime paste containing 100 Iba. iu powder will 
weigh, after taking, 128 lbs. 

The taking of pure Teil hydraulic lime mortar occurs within 
:i4 hours. After IS hours the mortar sets strongly and will sup- 
port the small Vicat needle, and in 24 houra tbe large needle. At 
the end of 48 hours it will support the Vicat drill with its full 
weight of 2J lbs. After the mortar has been immersed for 45 days 
in water 20 revolutions of the Vicat drill will penetrate to a depth 
of 0.019T of an inch. 

Hydraulic limes, in general, set too rapidly for the mortar paste 
to be prepared much in advaace. Teil lime hardens rapidly, and 
if required to be used in paste, the mortar necessary for the day's 
Dne should be prepared. A preferable method is to mi.\ 
the lim.e and sand dry in the desired proportions, and turn this dry 
mortar into paste as required. This method gives a more compact 
'jnortar with less water. 

xing mortars, the importance of using as little water as 
.possible, and making a perfect mixture by mechanical means, can- 
not be overestimated. In mixing Teil mortal' salt and frgsh water 
serve equally well. 

When used for coating masonrj-, Teil hydrauhc lime, like Port- 
land cement, may be mixed the previous day, and ro-mised with 
additional water at the time of using it. 

Proportioilfi. — For one cubic yard of firm lime paste, l,CSo 
Iba. of Teil lime in powder are required, equivalent to 30 struck 
U. S. bushels, loose measure, of 56 lbs. per bushel. The propor- 
tion of lime per cubic yard of sand is regulated by the condition, 
that in good mortar the lime should fill the voids in the sand. Tlie 
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voids in loose damp sand vary from 0.31 to 0.35, and in compacted 
sand from OJLS to 0.23 of the volume of sand. 

AVith beton, the voids in the broken stone or pebbles vary from 
0.35 to 0.40 of the volxmie, and the mortar should fill the voids. 

For strictly impervious sea mortars made of fine and crumbling 
sands, in which the solidity depends solely upon the strength of 
the mortar, it is best to increase the proportion of Toil lime per 
cubic yard of sand to 10^ bushels, instead of 9 bushels, the usual 
(][uantity. AVith silicious or basaltic sands of average size this in- 
crease is unnecessary. 

In fresh water the proportion of Teil lime has been successfully 
reduced to" 253 lbs. per cubic yard of beton by Mr. Desplaces, 
Chief-Engineer of the Paris-Lyons -Mediterranean R. R. The 
best proportions for Teil mortars for various uses are the following 
ones, which fulfil the conditions previously mentioned. (The 
struck U. S. bushel of Teil lime in powder, loose measure, is taken 
at 56 lbs.) 

For Mortars in Salt Water : 10 J U. S. bushels of Teil lime 
(Beton under water.) (590 lbs.) per cubic yard of 

sand, equivalent to 1 scant 
measure of lime to 2 full 
measures of sand. 
For Mortars in Fresh Water : 9 U. S. bushels of Teil lime 

(506 lbs.) per cubic yard of 
sand, equivalent to li meas- 
ures of lime to 3 measures 
of sand, making 1^ cubic 
yards of stiff mortar paste. 

For Moi*tars exposed to Air : 7 J U. S. bushels of Teil lime 

(421 lbs.) per cubic yard of 
sand, equivalent to 1 meas- 
ure of lime to 3 ijieasures 
of sand. 
For Betons the usual proportions of mortar and broken stone 
are: 
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Tit saJt water 3 meaaurea of mortar to 3 of broken atoae. 

In fresli wal«r 1 do. do. 2 do. 

Arliiiaial blocks 1 do. do. 3 of pebblex. 

The above pioportioua for Teil mortara and betons are adopted 
by the French Engineers of Bridges and Ilighways and by the 
Engineers of the Hailroad CompunieiS, in their apecifications and 
coatractfl. The proportions are sanctioned by successful practice, 
and although it may be found beat to vary thera in different locali- 
ties of the United States, according io the sand and water used, 
and other circumstances, the variations will probably be shght. 
These proportions show the advaataf^es attending the use of Teil 
lime, which produces a strong mortar with a smaller weight of 
lime, than that of Portland Oement, generally employed for the 
^ saiae purposes. Teil hydrauhc hme does not require special work- 
^H men, and unpractised laborers cannot fail to make good work with 

aea water have been made the Bubject of investigation in different 
countries. The length of time required before the results of ex- 
periments extending over a nuiuber of years could be obtained, has 
I Tendered progress slow. By the aid of analysis chemistry has at,- 
oertained the elements of limes and mortara, and the changes 
*hich they undergo in the various stages of manufacture and use. 
The comparison of these results with those obtained by the aualysia 
of mortars which have withstood for years the destructive action of 
leea-water, has elicited a few general laws which govern tho for- 
mation of hydraulic mortars, and which have removed to a great 
BKtBnt the obscurity which enveloped the subject. It is to Vicat 
and later to Berthier, Ghatoney and Ttivot, that the success of theso 
.investigations, and the important results which have followed them, 
are chiefly due. 
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Action of Sea- water on Mortars. — The action of salt water 
on mortars immersed in the sea, may briefly be stated as follows. 
8oa water, constantly washing against mortar and renewing the 
surfaces in contact, slowly dissolves the hydrate of lime which has 
not had time to become carbonated. As this action continues, the 
hydrate of lime disappears, and by leaving the mortar porous, hast- 
ens the action of the salt water on the other elements. The alumi- 
nate and silicate of lime, remaining in contact with water holding 
in solution chloride of sodium (common salt), salts of magnesia, and 
carbonic acid, become decomposed in turn. 

The aluminate of lime is first decomposed, forming aluminate of 
magnesia and Ume, both of which disappear. The carbonic acid 
in the sea water then attacks the lime of the silicate of lime, pro- 
ducing carbonate of lime, which, as fast as it forms, is dissolved in 
the excess of water surrounding it. The silica alone remains in a 
pasty state, and the mortar crumbles away. 

When, on the contrary, the mortar has had time to become car- 
bonated by the free hydrate of lime absorbing carbonic acid &om 
the air and water, and forming an impervious protecting shield to 
the mass, and when hydraulic limes derived from silicious lime- 
stones are employed instead of limes from argillaceous (aluminous) 
limestones, then the mortar will not be destroyed. The aluminates^ 
which are the first elements to become decomposed, either do not 
exist at all in silicious limes, or else in very small quantities. The 
mortar no longer rendered porous will resist the action of the sea. 

Vicat, Chatoney, and Eivot concluded from their investigations 
that the chief element of hydraulic energy in a lime is the presence 
of silicate of lime. The presence of alumina in limes and cements 
hastens the setting, but is no guarantee of durability, as it forms 
combinations with lime, which, as mentioned above, do not resist 
as well as silicates the action of salt water. 

A careful examination of the mortars which have most success- 
fully resisted the destructive action of the sea, disclosed the fact 
that they contained hydrosilicate of lime to the extent of 25 per 
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cent, of the Tolums of tlie mortar. The greater the proportion of 
this element in a mortar, the greater will be its durability. 

Tetl hydraulic lime is a ailicious lime, containing GG per cent, 
of silicate of lime, a very small proportion of alumina, and a 
sufficient quantity of uncombined lime to form the protecting enve- 
lope of carbonate of lime, which is an important element for tlie 
preservation of mortars. Teil lime fultila the requirements men- 
tioned previously as necesBDjy in sea-mortara. 

It was first employed in marine structures in 1832, since whicJi 
time its use has steadily increased. Teil lime formed one of the 
starting points in the investigations of Vicat, Chatoney, and Eivof, 
and the results stated in their reports justify their high o])inion of 
its value for sea-mortara. 

(Jonipni'ison betweoii Teil Lime and Ijenients. — A com- 
parative examination of the elements of Teil hydraulic lime and 
of slow and quiclc-settiag cements will be found interesting. 

Table IV. gives the composition, by weight, of tlie e 
I hydraulic energy in limes and cements : 



i IV. 



i Silicate of lime. 

j Silicate oi alumina 

I Cumulate of lime 

!|. Doable ulioftte of lima 
A alumina 

a Bilioate of mo^esia 



SiOj. y CliO. 
3SiO^.Al,0„ 
A1,0,.3C«0. 
SiO;,.(AUO, + Ca01, 
SiOj. 3 MgO. 




Themethodofmaniife,ctnre strongly influences the composition of 
i and cements. At a high temperature, sihcate of lime and 
e double silicate of lime and alumina are formed. At a low heaf , 
e double silicate is not formed, and the alumina, acting towards 
e limo the part of an acid, produces aluminate of lime. By the 
ret method, slow-setting cements, such as Ungliah, and Boulogne 
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Portland cements are manufactured ; by the second method quick- 
setting cements, such as Yassy, etc., are produced. 

On these facts as a basis, Table Y. has been deduced in round 
numbers from the analyses of various cements, and is extracted from 
a Notice on the Hydraulic Lime of Teil, published in 1872. 

Boulogne Portland cement may serve as an example of the 
method by which the table has been constructed. The analysis of 
this cement by Delesse, gives in one thousand parts : 

Lime 651 

Silica 204 

Alumina 138 

Magnesia 5,8 

The fabrication is made at a high temperature ; the double silicate 
of lime and alumina is first formed ; 138 parts of alumina take up 
40.24 parts of silica, the whole combining with 75 of lime, and form- 
ing 253.24 of double silicate of lime and alumina. There remain 
163.76 of silica and 576 of lime. In the simple silicate of lime which 
is next formed, 163.76 of silica takes up 304 of lime, producing 
467.67 of simple silicate of lime. Neglecting the small proportion of 
magnesia (5.8 parts in 1,000), there remain 273 parts of uncombined 
lime. 

The composition of Boulogne Portland cement is then : 

253 parts double silicate of lime and alumina. 
467 parts simple silicate of lime. 
273 parts free uncombined lime. 

A similar calculation has been made in each instance. 
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A reference to the Table shows the large proportion of silicate of 
lime contained in Teil hydraulic lime, and explains the durability 
of Teil mortars, and their constantly increasing use. Teil lime is 
richer in silicate of lime than Portland or any cements of the Table. 
The proportions of aluminate of lime and silicate of magnesia in 
Teil lime are so small that they have been left out of the Table. 

Action of Sea- water on Teil lime. — ^The action of sea-water 
on mortars varies in different seas, owing to variation in the propor- 
tions of destructive salts and gases contained in the sea. It is im- 
portant to examine how. Teil hydraulic lime in different localities, 
has stood the test of this action, and particularly that of salts of 
magnesia and carbonic acid. 

Action of Salts of Magnesia. — Salts of magnesia are gener- 
ally admitted to be the most destructive cause of decomposition in 
sea-mortars, although Kivot considers their action to be much ex- 
aggerated. Vicat in his experiments on hydraulic limes and ce- 
ments employed a bath of sulphate of magnesia to test their 
durability. Table VI., by Vicat, gives the analysis of sea- water at 
different points. ^ 

Table Yl.—(VicaL) 



Substances Contained in 1000 
PARTS OP Water in Weight. 



Hydrochlorate of soda 

Sulphate of magnesia 

Hydrochlorate of magnesia. . 

Sulphate of lime 

Sulphate of soda 

Hydrochlorate of potash .... 

Hydrochlorate of lime 

Carbonate of lime 

Carbonic acid 



Near 
Bayonnb 

(Atlantic) 


MlDITBRRANEAN SeA. 


North 
Atlantic. 


25.10 


25.10 


27.22 


26.00 
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6.25 


7.02 
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0.15 
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0.15 


<i 


u 


n 


4.66 


(( 


u 


0.01 


1.23 
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0.15 


0.20 
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0.23 


0.11 
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British 
Channbu 



27.06 
2.29 
3.66 
1.41 
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0.76 
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0.03 
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Table VII.— (Pyo/ Wolcott Gibbs.) 
(All sp. gr. refer to that of pure water at temperature of 14°C.) 



LOCALITY. 



Washington Heights, H.R. . 

do. 
Pier 1, Hudson River 

do. 

do. 
East River, foot 1 7tli St. . . . 

do. 

Buttermilk Channel 

Vanderbilt Landing, S. I. . . 

do. 
Mouth Navesink River, N.J. 



Distance 

Below 

Surface. 



Specific 
Gravity. 



Sp. Gr. at 
Temp, or 



5' 



0" 
1' 

V 



5' 



V 

5' 
1' 

ry 



1.0126 
1.0111 
1.0182 
1.0192 
1.0183 
1.0185 
1.0178 
1.0155 
1.0188 
1.0205 
1.0177 



15».25C. 

150.5 C. 
150.2 C. 

18° C. 
150 c. 
16« 0. 
140 c. 
16^0. 
10° C. 
15°.5 C. 
150 c. 



SAU5B 

Matter 


Temp. 


F. 
Air. 


PER 
CENT. 


Water. 


1.702 


. • 


• • 


1.585 


30" 


310 


2.348 


34i 


86i 


2.533 


• • 


• • 


2.351 


• • 


• • 


2.461 


31 


31i 


2.463 


31 


31i 


2.13.^ 


85 


41i 


2.533 


t • 


t • 


2.706 


33 


39i 


2.513 


33 


33 



Table VI. shows that the proportion of salts of magnesia is con- 
siderably greater in the Mediterranean than in the Atlantic Ocean 
and English Channel. As Teil hydraulic lime ha^ been success- 
fully employed in the Mediterranean for upwards of 40 years in 
marine structures, it is a fair inference to conclude that in the 
Atlantic Ocean this lime would give even better results, being ex- 
l)Osed to a smaller proportion of magnesian salts. The artificial 
blocks made with Teil hydraulic lime at Cherbourg, the works at 
St. Male, built ui)wards of fifteen years ago, and the large quay 
walls and docks of Bordeaux, which are being constructed with 
Teil lime, prove that in practice it resists equally well the action of 
the waters of the ocean and of the Mediterranean. 

Table VII. derived from the U. S. Coast Survey Eeports (1856), 
gives analyses of sea-water in the Harbor of New York. It shows 
that the proportion of saline matter is very similar on both sides of 
the Atlantic Ocean, and it is safe to presume that Teil lime will 
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stand the test equally well here. A warm temperature of sea- water, 
such as exists in the Mediterranean, though favorable to the use of 
hydraulic mortars and beton at the time of formation, is unfavor- 
able subsequently, and tends to facilitate decomposition in the sea. 

Action of Carbonic Acid. — With regard to the action of car- 
bonic acid on sea mortars, it is maintained by Vicat, Chatoney, and 
Rivot, that its presence in sea- water in a certain proportion is benefi- 
cial for the preservation of mortars, a crust of carbonate of lime being 
formed. This envelope is essential for the preservation of a mortar, 
and hydraulic limes and cements which do not contain free lime cap- 
able of absorbing carbonic acid, and thus forming carbonate of lime, 
should be used with caution. An excess, however, of carbonic 
acid in sea- water is a disadvantage. As wag mentioned previously 
in treating of the action of sea- water on mortars, lime has a 
stronger affinity for carbonic acid than it has either for silica or 
alumina. The decomposition of the silicate, and particularly of the 
aluminate of lime is to be feared in waters highly charged with 
carbonic acid, and hydraulic limes and cements containing alumina 
in considerable quantity are in greater danger of destruction from 
this cause than silicious limes, such as Teil hydraulic lime. 

The proportion of carbonic acid in the Mediterranean is variable ; 
abundant in some localities, entirely deficient in others. Adijiit- 
ting that wherever Teil hydraulic lime has been employed in that 
soa, carbonic acid exists in considerable quantities, it is easy to as- 
certain the amount absorbed. 

Chatoney and Rivot analyzed numerous samples of Teil hydrau- 
lic lime from blocks immersed in the sea at Marseilles. The analy- 
ses prove that the surfaces of the blocks had absorbed from the air 
and water at least 0.03, and sometimes as high as 0.14 of carbonic 
acid, the centre of the blocks absorbing only from 0.01 to 0.05. As 
the blocks were all in a state of perfect preservation, the minimum 
of surface absorption 0.03 was sufficient to preserve the interior ; 
this gives 0.02 as the average minimum absorption requisite for 
preservation. The total quantity of lime being 0.35, the absorption 
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■of eai'bonic acid necessary for protection would be '21 Iba. per cubic 
i_yard of beton, containing 'I'Jii lbs. of limo. 

To solve tlie quostion, (is to wbetlier Toil liydraulio lime would 
be able to fomi in the Atlantfc Ocean or tLe Britisli Chaiinol, its 
protecting eruat of carbonate of lime, it is necessary to examine 
what lia3 occurred in mortars, in localities where the carbonic acid 
in small quantities ; at several points on the westfirn coast of 
France, Bayonne, etc., on the ocean, the proportion of carbonic 
iacid is oven greater than in the Mediterranean. In the analysis of 
beton blocks of Portland cemeut immersed in the British Channel, 
Eivot found that they had absorbed 0.017 of carbonic acid to 0.23 
of lime. In a cubic yard of beton were 65G lbs. of cement, con- 
taining 494 lbs. of lime, which absorbed 37 lbs, of carbonic acid. 
Supposing this figure to be reduced one-half, to account for the 
ffier interior absorption, a minimum of 18^ lbs. is obtained, which 
nearly the amoiint of carbonic acid found necessary for the pro- 
■teetion of Teil lime in the Mediterranean. It is safe, then, to con- 
clude that on the Atlantic coast of France, Teil lime will find suf- 
carbonic acid for its profoction, and it is presumable that the 
game will be the case on the Atlantic coast of the United States. 
Plants anil Sliells.— The growth of m'arine plants, and the 
[eposits of marine shells and incmstations on the surfaces of sea 
and masonry, form the most efficacious protection that could 
devised. 

Storms And Currents. — Storms and sea cun-enta disintegrate 
mortars by mechanical action ; as Teil lime has successfully resisted 
these causes of destruction in the Mediterranean, no special danger 
their action need be feared in other localities. 
Tides. — Tides are an advantage in the construction of marine 
"works, and admit of part of the masonry being built dry at low 
tide ; this allows some time for mortars to set, and for their elements 
to complete all chemical reactions, which if they occurred after the 
letting would destroy the work. Slow-setting cements req^uiring 
to 18 hours to set are usually preferred in marine structures, 
.but they are subject to the same inconvenience as Teil lime, in bei 
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covered by the tide before tlie settiog is completed, unless special 
precautious be taken to protect the mortar or beton by a coating of 
quick-setting cement, or some other device. Teil hydraulic mortar 
sets strongly in 18 to 24 hours, and if it takes longer than some 
cements, its hardness once set rapidly equals theirs. 

Teil hydraulic lime has been employed in the Mediterranean for 
all kinds of marine structures, in artificial blocks of beton dried 
during several months previous to immersion, and in beton imme- 
diately immersed in the sea for. foundations. These betons have 
been equally durable, and there is no reason that it should be 
otherwise in tidal seas, where in any case precautions against 
washing away by the ebb and flood have to. be provided, and 
where the temporary retreat of the sea renders the work of con- 

# 

struction easier. The action of tidal currents on mortars is not 
different from that of river currents, in which Teil lime is daily 
employed in submarine works. 

Economy of Teil Lime compared with Cements. — There 

remains the question of economy to be considered with regard to the 
use of Teil hydraulic lime instead of cements, such as Portland 
and others. 

The claim for economy is based with justice upon two points : the 
comparative weights of Teil lime and cements, which are respec- 
tively about 1,200 pounds and 2,100 pounds per cubic yard, and the 
greater richness in silicate of lime, of Teil lime over an equal weight 
of cement. 

For good sea mortars two conditions require to be fulfilled : Jinst, 
each grain of sand should be coated with lime, and the voids filled; 
secondy the proportion of silicate of lime, the most desirable element 
in hydraulic mortars, should not fall below a minimum quantity. 

Chatoney and Eivot, in their examination of betons which had best 
resisted the action of the sea at Marseilles, foimd that 25 per cent, of 
the volume of the mortar was hydrosilicate of lime. This quantity, 
however, is not obligatory, as the hydraulic mortar used at Mar- 
seilles, in building the Napoleon Port, was 598 lbs. of Teil lime 
per cubic yard of sand, which corresponds to a proportion of 22 per 
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cent in Tolume of hjdroailieate of Uiue, ami liaa given escelleiit 
results. 

In hydraulic mortars, made eitUer with Tail lime or Portland 
eemont, the volume of lime or cement required to ooat the gmins of 
sand and fill the voids is equal in both cases. Owing to the greater 
densitj of Portland cement the weight required of the latter for the 
above volume will be greater, and per cubic yard of mortar will be 
about : 

L 1,0(38 lbs. Portland cement (White Bros.) 
1,070 " Boulogne Portland {I>emarle.) 
1011 " London Portland cement. 
ereaa the same volume of Teil lime weighs 590 to 600, lbs. 
and works well in practice. If equal weights are employed instead 
of equal volumes, tlien the Portland cement will bo only about one- 
half of what is required to fill the voids of the mortar, 

"With regard to the comparative richness in hydrosilioate of lime, 
■f Tail lime and Portland cement mortars, by applying to the analy- 
IB of the latter the formtUas of Chatoney and Eivot for hydration 
if silicates and aluminates of lime, and supposing the reactions com- 
pleted, the following composition is obtained : 

Kn^lLflb BDulDgnA 

auicate of limo 00. M .,,, 58.5 . 

Alumiiutte of lime 23.11 30,3 

rreeUino U.I) .... 4.1! 

Teil lime according to the same authorities contains on an ave- 

3 per cent, of silicate of lime and 25 per cent, of free lime. 

a richness in silicate of lime gives Tail lime en advantage iu 

Y moitar for which a definite volume of lime or cement is re- 

■guitod, and at an equal price per pound the economy of using the 

r weight per cubic yard of sand is clear. 

If the quantity of sihcate of lime is required to he equal iu mor- 

B made either with Teil hme or Portland cement, the weight of 

il lime will be considerably less thnn that of cement. Theory re- 
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quires 598 lbs. of Teil lime to fill completely the voids of a cubic 
yard of sand ; this weight contains 395 lbs. of silicate of lime. 
The weight required of Boulogne Portland cement, one of the best 
of slo\y-setting cements, to Ornish an equal weight of silicate of 
lime is 674 lbs., which represents a Tolume of cement only f of that 
required by theory for filling the voids of a cubic yard of sand. 

These considerations show clearly that to make the employment 
of Teil lime and Portland cement equally economical, the latter 
must be lower in price than the former, or else the weight of Port- 
land cement per cubic yard of mortar must be considerably dimin- 
ished below that which wovdd best fulfil the requisite conditions 
for good mortars. 

The following comparative proportions are frequently employed 
of Teil lime and Portland cement for hydraulic mortars and be- 
tons. 

Portland Cement. Mortar : cement 840 lbs. 

sand -^jf cubic yards. 

Beton : broken stone 1 ** 

mortar J - " 

Teil Hydraulic Lime. Mortar : lime 590 lbs. 

( Marseilles. ) sand i\ cubic yards. 

Beton: broken stone. .0.93 " 
mortar 0.58 " 

The economy in the usual proportion of Teil lime instead of 
Portland cement is 250 lbs. per cubic yard of mortar, and admit- 
ting the same proportions of one of mortar to two of broken stone 
(which are often employed) for beton, the economy is 125 lbs. per 
cubic yard of beton. The saving may thus amount to 30 or 40 per 
cent. 

Use of Teil Lime in Seaports, &c.— Teil hydraulic 

lime is now used in a large number of seaports. At the Universal 
Exhibition of 1867 specimens of Teil hydraulic mortars and betons 
in excellent preservation were exhibited from 22 seaports. 

The chief ports where it is employed are : Marseilles (where 
in marine structures costing upwards of 50,000,000 francs Teil 
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lime has been esclusively used), Toulon, Cette, Eordeaus, St. 
Malo, Cherbourg') Barcelona, Corsica, Algiers, Bona, Orau, Tunis, 
Genoa, La Spezzia, Trieate, ConBtantinople, Odessa, Suez and Port 
Said (120,000 tons of Teil lime), Alexandria Harbor Works (175,- 
000 toBB), It is also exported to La Plata, Eio Janeiro, Saigon, 
&c. 

The following details roapectiiig works in various ports, built of 
Teil lime, will be of interest. 

Marseilles. — -Teil hydraulio lime has been almost exclusively 
used at Marseilles during the last thirfy-foiir years, by M. Pascal, 
the Chief Engineer, in the construction of the basins of I^a Joliette, 
P'rioul, Na^wleon, and the basins of the Marseilles docks and ware- 
houses. It was employed as concrete for foundations and for arti- 
ficial blocks for the protection of the seaward slopes of the break- 
waters. The beton blocks were made in moulds and allowed to 
harden by exposure to the air for three months previous to immer- 
sion. The volume of each block was 353 cubic feet, with a weight 
of about 22 tons. The dimensions were 11' X ^' X ^i'l "■'^'^ ^^o 

I grooves for suspension chains ran aoross the bottom. The compo- 

' Bition of the mortar for concrete blocks was : 



The concrete was made of one volume of mortar mixed with two 
HfolumoB of broken stone. 

In concrete for immediate immersion, two vohimes of mortar to 
^tbree of broken stone were iised. 

M. Pascal oonsidered that good hydraulic lime, for sea-m.ortars 
ind concretes, was preferable to any mixture of lime and pozzuo- 
lana (sometimes added to hasten the setting), of lime and cements, 
or of natural and artificial cements. 

Per good work, sufficient time should be allowed for blocks to 
J .harden before immersion, and obtain their protecting crust of car- 
Ijbonate of lime. 

The system of building quay walla at Marseilles, with blocks of 
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• 

Teil concrete, was very successful. A bed of broken stone or 
gravel was formed on which four courses of artificial blocks were 
placed, their greatest length inwards forming the thickness of the 
wall (11 feet) ; the top course was 8 inches abpve the level of low 
tide. Divers were required to place the blocks which broke joints 
as in ordinary masonry. To guard against future settling when 
the masonry wall would be built on the blocks, the latter were 
temporarily loaded with two courses of similar blocks, which were 
removed when the settling was completed to the level of low tide. 
The blocks were of the volume, weight and composition previously 
mentioned. (Plate I.) 

The construction of concrete blocks for the quay walls and 
breakwaters of Marseilles, required the estabhshment of large 
yards, covering 375 acres for machinery, workshops, tracks, sup- 
plies, and space for one thousand blocks in every stage of comple- 
tion. The yard turned out monthly 300 to 375 blocks. 

Toulon. — Teil hydraulic lime was employed in the works of the 
Port of Toulon ; notably for 200,000 cubic yards of beton used in 
the construction of the three large graving docks of Castigneau. 
M. Noel and M. Raoul, Chief Engineers, state that Teil lime has 
l^erfectly resisted the action of the sea at Toulon, and also at Port 
Vendres, where large blocks for the jetty were made of limestone 
masonry cemented with Teil hydraulic lime mortar. 

Algiers. — Since 1852 Teil lime is used in this port mixed with 
sea sand, for concrete immersed green, and for artificial blocks, 
which are allowed to harden in air from 2^ to 5 months according 
to the season. Teil concrete has shown great strength and resists 
the action of the sea at Algiers and other points along the coast. 
(See Appendix.) 

Port Said. — The successful creation by M. de Lesseps of the 
artificial harbor of Port Said at the entrance of the Suez Canal, enclos- 
ing 90 acres of sea room, and with the basins 130 acres, is due in 
a great measure to the use of Teil lime, which allowed the project 
to be carried out without an expenditure which would have cur- 
tailed its dimensions, and endangered its success. 
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TIiH two jettins, starting from poiuta on the eliore 1,.)30 yarda 
apart, run out to sea, and approach each other within four hundred 
and forly yards. The length of the Western jetty, built first, as a 
protection from the prevoilijig winds, ia 3,390 yards, and that of the 
Eastern jetty ia 1,9C8 yards. The jetties are about 28 yards wide 
at the base aud 6 at tlie summit, with a height of 10 yarda at their 
seaward extremity. The summit of the jeltiea rises (ij feet above 
the mean level of the Mediterranean Sea, and their slopes are at 
45°. 

In their construction, about 120,000 tons of Teil hydraulic lime 
were enaployod, chiefly in the fabrication of 25,000 artificial blocka 
of the same dimensiona as thoae used at Marseilles. The Tolujne 
of each block was 3.58 cubic feet, and the weight about 25 tons. 

I The blocks were composed of : 
Teil liydraulic lime in powder, 548 pounds, 
Sand of the desert (almost impalpable), 1 cubic yard. 
L The mortar was mixed with sea-water, and poured into moulds, 
Kid after 2 to -i months hardening in the air, the blocks were ready 



The Above proportions correspond to I volunie of lime to 2 of 
sand. The yard of fabrication contained from 2,000 to 3,000 blocks 
in variona stages of jireparation, and turned out 900 blocks monthly, 
30 daily for immersion, by tipping into the sea from barges, The 
oontractors were Messrs. Dussaud Bros., celebrated for their ini- 
portant marine conatructions at Algiers, Marseilles, Cherbourg. 
The contract price of the blocks was 42 francs per cubic metre or 
t6.40 per cubic yard. The coet of each block iu its final [joBition 
■was 1,000 francs, or $15.30 per cubic yard. Teil hydraulic lime 
and desert sand were also uaed in similar proportions to those em- 
ployed for the artificial blocks, in buQding the Lighthouse of Port 
Said- The latter is 180 feet high, conatructed of a single maas of 
beton with no joints, and rests on a beton base of about 400 cubic 
yards. (See Frontispiece.) 

Alexandria. — Tho Harbor Works of Alexandria, Egypt, are iu 
course of construction, aud use an immense quantify of Teil lime ; 
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they consist of a breakwater about 1^ miles long and an inner jetty, 
and quays ; over 15,000 acres will be enclosed. 

The breakwater will rise 10 to 16 feet above the mean level of 
the sea, and will be built on the Port Said plan, with artificial 
blocks. About 15,000 of these are made, and it is estimated that 
iio,000 blocks in all will be required, besides large quantities of 
rubble stone. The quantity of Teil lime used in this vast imder- 
takingwill be about 175,000 tons. 

The concrete blocks are each 358 cubic feet in volume (10' X ^' 
X 6') and about 20 tons in weight. Each block contains 34 cwt. 
of Teil hydraulic lime in powder mixed with desert sand and broken 
limestone (291 J lbs. lime per cubic yard of concrete). 

The concrete is mixed by 10 H. P. machinery on the upper plat- 
form of a travelling crane, stationed over the empty mould, which 
is filled firom above. After a few days the fi:ame sides of the motdd 
are removed, and the block is left to harden for 2 J months. Forty 
blocks are ready daily and loaded on lighters, towed out to sea, and 
tipped on the site of the breakwater. 

The yard of fabrication constantly contains about 2,500 blocks 
in course of preparation, in five long rows, running over nearly 
1 J miles of ground. It is well supplied with travelling cranes, 
50 miles of railroad track, turn- tables, 12 locomotives, several hun- 
dred trucks, 40 steam engines, 12 lighters, six steamers, and one 
large steam derrick, representing about £200,000 sterling of capi- 
tal, in plant alone. Two thousand Arabs are employed. 

This undertaking, which equals in greatness that of Plymouth or 
Portland, will probably be completed in one-fifth the time. (" The 
Engineer.") 

The contractors are Messrs. Greenfield & Co. (in reality Messrs. 
Kennard, Elliot & Maclean), Mr. May, Chief Engineer, and Mr. 
Brown, Chief Assistant Engineer. 

General Observations. — Teil hydraulic lime has been exposed 
to the action of the sea for a long period of years, in some localities, 
since 1832, and there has been ample time and opportunity for any 
defects it mav have to declare themselves. Far from this, Teil lime 
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s uniformly given good results, and Vicat, Chatoney, and Kivot, 

k of it in terms of tigt appreciation ; the records in their reports 

f conolnaively its remarkaljle durability in marine Btruotures, 

tnd the Toil mortars examined are referred to as being in a state 






It is considered preferable to use Teil lime alone in mortars or 

concretes, instead of in mixtures with other Hmea or cements, natii- 

artificial ; pozzuolana is generally subject to great alt^ra- 

Hea-wat«r, and should be avoided in any case. 

In June, 1 85G, M. Pascal, Chief Engineer at Marseilles, iu a div- 

bell, visited witli the greafast care the Teil mortars and artifi- 

blocka of the Port, chiefly the oldest, ivhich were at a depth 

43 feet, and immersed from 7 to 9 years previously. His testi- 

iny is interesting ; he says ; 

The exterior blocks, the only ones I could see, are covered with 

luiuriant vegetation, and their edges are perfectly sharp. An 

opening which I had occasion to make in the jetty, allowed me to 

visit a submerged block which did not show the slightest trace of 

'agatation, owing to the complete absence of Hght, and which was 

hard and perfectly intact ; the age of this block might be 

iven years. I also visited the concrete immediately immersed 

f^ter fabrication about 7 or 8 years ago ; this eoucref« was equally 

intact, but instead of a growth of marine plants, a thick deposit 

of ' aerpules anhfjlides ' was found. The thickness of these deposits 

ins up to 13| inches. Everywhere intact betons." 

The great extension in the use of Teil hme for marine structures 

chiefly due to the favorable results obtained in the works at 



CANALS, SEWERS, AQUEDUCTS. 

t Teil hydi-aulic lime is used iu the construction of the Eorez 
inal, France, and has given excellent results. (See Appendix.) 
8 very suitable for all kinds of work which require to be wafer- 
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BRIDGES, RAILROADS, TUNNELS. 

Tell lime has been used in large quantities for railroad construc- 
tions in France, and the engineers of several important roads speak 
highly of its value, in the most difficult parts of the works under 
their direction. (See Appendix.) 

In the construction of the celebrated Mont Cenis Tunnel, 
upwards of 5,000 tons of Teil hydraulic lime were employed with 
very satisfactory results. (See Appendix.) It has been used in the 
construction of bridges, for the masonry of piers. At Constantine, 
in Algeria, the remarkable bridge of El-Kantara, with a spaji of 
188 J feet, has been built across a chasm 394 feet deep. The piers 
were built of limestone, cemented with Teil hydraulic lime ; in the 
trial loading of the bridge, they wore subjected during forty-eight 
hours, without showing any sign of weakness, to a crushing weight 
of 260 lbs. per square inch. During the construction of the piers, 
the temperature of the air was frequently 112° to 134^ F. This 
heat would have destroyed by crumbling, many Hmes, but Teil 
mortar hardened rapidly under it and attained great strength. 



WAREHOUSES, BUILDINGS, FOUNDATIONS, 

CELLARS. 

Teil hydrauhc mortar makes very good work in masonry for 
warehouses, buildings, etc., which, from their position, are sub- 
jected to more or less humidiiy. It makes an excellent coating 
instead of cement for masonry, and is particularly adapted to foun- 
dation work, cellars, cesspools, etc. Cornices of buildings are 
made of Teil lime. 
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ARTIFICIAL STONES. 

In many localities artificial stones of various kinds are destined 
to a large consumption, from their cheapness as compared .with 
stone brought from a distance, or ornamental cut stone for archi- 
tectural purposes. 

Beton Coignet, an artificial sandstone of great strength, is suc- 
cessfully used in all kinds of construction, from the carved work of 
a church window, to the foundations of a steam engine, a sewer, or 
an aqueduct. Teil lime has been employed in the fabrication of 
Beton Coignet, and experiments were made by M. Michelot, Engi- 
neer-in-Chief of the Fonts et Chaussees upon samples of the follow- 
ing composition : 

Mixed sand 4too volumes. 

Teil or other liydraulio lime 1 " 

Portland cement i to J " 

The results were a tensile strength of 288 to 42G lbs. per square 
inch, and a crushing weight of 2,634 to 7,495 lbs. per square inch. 

Paris contains upwards of 31 miles of sewers of various sizes 
made of Beton Coignet, and there can be no doubt that with Teil 
lime, this excellent material for sewers can be made at a saving of 
at least 20 per cent, on common masonry. The Fontainebleau sec- 
tion of the Vanne Aqueduct, constructed to furnish Paris with water^ 
is 37 miles long, made of fine sand, hydraulic lime, and a small 
proportion of cement, and is an instance of what can be built with 
this beton, when good ingredients are used. 

In the manufacture of other artificial stones such as the Frear 
Stone (shellac, hydrauUc cement and sand), or the American Build- 
ing Block CoJs Stone (unslaked lime mixed with moist sand), it may 
be found advantageous to mix a proportion of Teil hydraulic lime 
with the other ingredients. Whenever the quality of the stone de- 
pends on the use of a" strong hydraulic lime or cement, Teil lime 
will give good results. 
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BRICKS AND SLABS FOR FLOORS, PARTI- 
TION WALLS, ETC. 

Bricks and slabs made of pulverized blast furnace slags, mixed 
with a small proportion of Teil hydraulic lime, make a very light 
and strong material, which does not conduct sound, and will stand a 
heat of 1,000^ C. without melting. This material, pressed into vari- 
ous shapes, is suitable for deafening floors, and for partition walls, 
fire-proof buildings, etc. It is best to use slags containing as little 
sulphur as possible, as sulphate of lime is injurious to the mixture, 
and cracks and fissures it. 



CONCLUSION. 

The preceding remarks on the applications of Teil hydraulic lime 
show to what extent it is already used in the various departments 
of engineering and construction. It fills the want which is felt in 
many locahties for a good hydraulic material, and the experience 
already obtained of its durability is the best guarantee for the 
future. 

In the Appendix will be found a brief account of the method and 
cost of fabrication of the artificial blocks of Teil concrete employed 
at Marseilles, and a number of certificates from engineers who have 
used Teil hydraulic lime in their works.. 
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[fabrication of artificial blocks op 
teil betox at marseilles. 

General Description of tlie Yard of Faftricatlon.— The 
plant conaiated of a steam engine of 15-liorse power, which aet in 
motion : 

1. The wheels of three mortar mills. 

2. A balance beam for elevating the ingredients to the floor of 
the mills. 

3. The mixing cylinders for beton. 

4. An hydraulic wheel for raising water from a well to wash 
ihe pebbles previous to use. 

The floors of the mortar mills and mising cylinders for beton 

ere raised above the level of the yard. The materials, loaded into 
oars at the heaps, were run by a rail track A (Plate II.), upon a 
platform E, under the balance beam, which bfted them to the floor 
above, where by another rail track, running parallel to the mortar 
mills, the cars reached the latter, and the sand and lime were emp- 
.^d into them. 

The water for mising mortar was contained in large tubs, fixed 
(to the floor, and supphed by pipes connecting with the city mains. 

The mortar, having been mised, was expelled fiiim the mills 
.through an aperture in the bottom of the trough, kept closed by a 
Talve during the mixing, and fell into a special car, placed beneath 
'iflie mill under the centre of the valve. 

The car by the turn-table, C, and the lower rail track, J), was run 
ipon the platform of the balance beam, and lifted to the floor of 
mills, where the rail track, E, directed it to the small shutes, 
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under which were stationed the mixing cylinders for beton, t 
their coTeTB open. The car -was tipped, and its contents directo 
into the mixing cylinder by the shuts. 

The elevation of the mortar cars was followed by that of the peb- 
ble cars, arriving on the platform of the walking beam by the 
track D from the water wheel. The pebbles were emptied in the 
eame way as the mortar, into the beton cylinders, which then con- 
tained the necessary ingredients for a mixing of beton. 

The empty sand and hme cars wore lowered to the yard on flie 
platform of the steam balance beam, and, to avoid crowding, the 
empty mortar and pebble cars were lowered by a balance 1 
worked by a windlass, and situated at the opposit« end of the floe 

The ingredients in the mixing cylinders were intermixed by tl 
rotary motion communicated to each cylinder by a belt tma a Uaf 
of shafting. 

When the mixing was completed the beton cylinder on its ti 
elling frame was run by a short cross track upon a truck, wlii 
carried it by a lower rail track to the head of the line of blooks i^l 
fabrication. This line was formed b y successive box moulds, uposl^ 
the top of which was established a movable rail track. This t 
was continued onwards as the hue of blocks progressed. 
beton cylinder was run on the movable track over tlie mould to Tl 
£lled, emptied of its contents, and run back to the mixing platfomi. I 
by the way it came. The size of the finished block was 3.40 n 
tres long by 2.00 metres wide, and 1.50 metres high. 

The beton having attained a sufflcient degree of hardnesB, 1 
blocks were fit for immersion. Longitudinal ties with rails ^ 
laid on the ground on each side of the line of blocks to be 1 
on this temporary fraok a fravelling crane approached, lifted i 
block, and transported it to a truck running on a cross rail track % 
leading to the shipping wharf. A derrick lifted the block and d^ 
posited it on the deck of a lighter, which transferred it to the poiaj 
of use. Some details of the motbods of fabrication of the 
and handling will be useful. 
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Fabrication of tlie Mortar. Proportions. — The mortar was 
I composed of 3 parts of screened !ime in powder to 5 parts of sand, 
L iiDCompacted, and corresponding in weight to 632 lbs. of lime pei 
I cubic yaxd of sand, which formed one mixing of mortar {300 tilog. 
e to 0.80 cubic metre of sand ; proportions used in the construc- 
tion of La Joliette and Le Frionl ports). 

Various sands were employed ; pure sea-sand, pudding-stone 

I sand, and quarry sand. The two latter quaJitiee contained, as 
Bhown by washing, from 12 to 18 per cent, of foreign matter such 
RS earths and clays. 

In these conditions the quantity of water required for Tniving the 
lime into paste varied with the quality of the sand ; with sea-sand 
about 6 U. S. gaDons of water per 100 lbs. of lime were used, and 

iwith earthy or clayey sand 9 ta 9J gallons were required. 
The above proportions of mortar after mising gave an increase in 
volume of : 



5 per cent, for ic 



J- made witL sea-Band. 

" pudding-stone Band. 

" ravine or quarry aaad. 



The sand was measured in iron cars of the esact volume (0.80 
cubic metre) required for one mixing of mortar, (Plate V.) The 
Ume was in saoks sealed with lead, and of an average weight of 
50 kilog. or 1 lOilba., and the necessary quantity of lime was obtained 

I lay taking a certain number of sacks without further weighing. The 
jITBter was measured in buckets of known capacity. 
On the ground floor of the mortar mill building were the rail- 
bracks and turn-tables for the handhng of the cars, the steam 
^gine, and the lines of shafting for setting in motion the mortar 
miUa, the hydraulic wheel for wEishing the pebbles, and the beton 
cylinders. On the upper floor, which consisted of a platform raised 
JOJ feet above the ground and supported by timber posts, were 
bvstablisbed three mortar miUs. 

Each mortar mill (Plates III., IV.) consisted of a circular cast- 
ron trough of trapezoidal section in which revolved three wheels 
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and a scraper, fastened to the ends of four aslea at right 
angles to each other, and dividing tlie surface of the trough into 
quarters. 

The wheels were placed at unequal diataneea from the centre of 
the mill, and in auch a manner that the sum of their several widths 
of tire was equal ta the width of the bottom of the trough ; thus a 
wheel ran always tangent to each aide of the trough, whilst the 
third wheel ran on the middle of the bottom. 

The aoraper was formed of three curved winga reaching to the 
bottom of the trough, and fixed above to a cross-bar of iron at the 
extremity of the fourth axle. 

From a ring fastened above the iron bar, the hook of a sheet-iron 
scraper was suspended, at the end of each mixing, for cleaning the 
trough. The section of the aheet-iron scraper was equal to that of 
the trough, and by means of a handle a downward pressure was 
exerted on the scraper, to drive it into the mortar, and to force tho 
latter over the opening of a trap-door in the bottom of the trough, 
kept cloaed during the mixing, and through which the mortar was 
expelled into a car below. 

The rotary motion of the mortar mills was obtained by bevelled 
gearing on the horizontal main shaft driven by the steam engine, 
and on the vertical shafts, running through the centres of 
the mills, to which were fastened the axles of the wheels and 
Bcraper. 

Each mill produced in one mixing 0.84 cubic metre (1.10 cubic 
yard) of mortar, and the time required was from 15 to 20 minutes. 
The three milla produced 17 cubic yards of mortar per hour. In 
the fabrication of the mortar, the lime was first emptied into the 
trough of the mill and equally spread out ; sufficient water was 
added to form a soft paste, and the sand was then thrown in and 
the whole mixed. Fifty-nine gallons of water were generally used 
for one mixing. 

The iron cars which received the mortar {Plate VII.) were sub- 
divided into three equal compartments, each 0.28 cubic metre ia 
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Bvolume (9.89 cubic feet), bo that eacli car contained a full mixing 
I'of mortar, inolueire of the increase in volume of the latter. 

Fabrication of the Beton and Blocks. Proportions.— The 

I beton was composed of five volumes of broken stone and three vol- 
f omes of mortar. 

To obtain these proportions, the volume of a stone car was made 

I 0.465 cubic metre {16.42 cubic feet), and its contents, when mixed 

f-with ooe of the compartments of a mortar car, 0.28 cubic metre, 

ponded to 0.50 cubic metre of beton (17.66 cubic feet). Themix- 

I ing of the broken stone and mortar was accomplished in six horizontal 

I Bheet-iron cylindera (Plate VIII.) rotating on their axes, and placed 

a four-wheeled trucks or travelling frames, for transportation on 

I the rail tracks. The cylinders were placed on a floor beneath that 

if the mortar mills, at a height Buffieient to allow of the ingredients 

for concrete being run info them by shutoa or inclined planes from 

iT the upper floor. On the platform were six rail tracks, which ran 

^^L across it. 

^H The mortar car, from under the mortar mill, after being directed 
^H by the turn-table and the lower rail track to the elevator, was lifted 
^^^to the upper floor, and run upon a track which was laid adjoining 
^^^fhe ahutes, fen in number, leading to the beton cylindera. The 
mortar car was stopped iu front of the first shute, into which the 
contents of one of the compartments were emptied, and thus directed 
into a beton cylinder below ; the contents of each of the other two 
leompartmenta were emptied in the same way into the next two 
ftehutes leading to beton cyhnders. 

The elevation of a mortar car was followed by that of three cars 
Slled with washed pebbles, which were in succession emptied into 
^the beton cylindera which had received the mortar. 

A second mortar car, followed by three cars of broken stone, 
hen lifted, and emptied in the same way; the filhng of the 
^Dix cylindera in use for mixing beton was tliua completed. 

After each filling, the empty cars were lowered to the yard and 
fcetumed for a fresh supply of mortar, pebbles, and broken stone. 
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Tlie pebble cars, wben filled, were placed uader tbe water spont 
connected with the water wbeel, and the pebbles thoroughly 



The cars used in the tranaportation of these materiala {Plate VI-), 
consisted of a box carried by a four-wheeled truck. The box was 
kept in eq^uihbriuiii on a longitudinal axis, by means of a cross tod 
attached by rings to the bottom of the box. The rod ended in a 
hook at the front of the car, and kept closed one of the sides of the 
box ; this side acted as a movable door hinged on its upper cim. 
At the back of the car the rod was ended by a hook catching on a 
peg fixed to the truck. By a sudden movement given to the rod, 
the equilibrium of the ear was destroyed, the side door opened, and 
the contents emptied. 

The mixing machines having been filled, a rotary motion was 
communicated to each cylinder by a belt passing around a small 
pulley on the axis of the cylinder, and a second pulley on an inter- 
mediate Hne of shafting which ran the whole length of the plat- 
form, and was driven by a oogged connection with the main shaft 
of the mortar mills, To put the mixing in operation, the beton 
oylinders were backed from the shutea sufficiently to tighten the 
belts on the pulleys, and then kept in position by blocking the 
wheels of the frames or trucks. 

The volume of a mixing of beton, as previously settled, was to 
be 0.50 cubic metre (17.66 cub, ft.), and mixing cylinders of 0.75 
cubic metre ('26.49 cub, ft.) capacity were considered at first to be 
large enough ; but it was found necessary to increase the volume 
of the mixing cylinders to 1.00 cubic metre (35.32 cub. ft.), in order 
to obtain sufficient room for the ingredients to intermix, by de- 
taching themselves from the sides of the cylinder. The interior 
space of the cylinder was, moreover, divided by 12 radial arms riv- 
eted to the shaft and sides, for the purpose of more completely di- 
viding and mixing the ingredients. (Plate VIII.) Twenty revolu- 
tions of the cylinders, at a moderate speed, were sufficient to efi'ect 
a proper mixing of beton. The speed should be moderate, other- 




I 



tiiri 



APPENDIX — HTDBADLIC LIME OF TEIL. 47 

wise the ingredieats, by virtue of die centrifugal force, would ad- 
here to th.e aides of the cjHnder without intermising. 
. To regulate thia part of the fabrication, which would be impos- 
sible if the aumber of reyoiutions had to be counted by tbe eye, a 
mechanical counter was provided. It consisted of a aheet-iron 
disc attached to the fixed frame of tbe mixing machine, and capa- 
ble of revolving around a ring screw on ita asis. The circumfer- 
«nee of the disc was divided into 20 parts by triangular notches, 
thus forming an equal number of teeth leas one which was replaced 
by a notch. An index fixed to the beton cylinder, at each revolu- 
tion of the latter, pressed on one of the teeth, and advanced the 
disc one turn ; after 20 revolutions, if the disc was properly placed 
at the start, the index turned free in the not«h replacing the tooth 
■which had been suppressed ; this indicated that the required num- 
ber of turns had been accomplished. The blocking wedges were 
withdrawn from the wheels, the belt was loosened, and the beton 
cylinder ceased revolving. A mixing of beton lasted 5 minutes. 

The travelling frame carrying the cylinder was run on to rails 
placed upon the platform of a truck, which transported it by a rail 
back to the head of the line of blocks in fabrication. The rails on 
the platform of the truck were on the same level as the rails on 
the door of the mixing cylinders, and as the rails of the movable 
rail track set upon the blocks. 

The frame carrying the beton cylinder was run upon the movable 
track, until it was stopped over the box mould which was to be 
filled. The cover of the beton cyhnder was then opened, the latter 
turned half round on its axis, and the beton emptied into the 

luld below. The cylinder was then righted, and with open cov- 

retumed to the floor for another min ing. 

The beton emptied into tha mould was suiHcient to cover the 
surface to a depth of 5^ inches. This layer was equalized and 
firmly packed by three workmen provided with shovels, and ram- 
lers of 31 lbs. weight. 

As each beton cylinder contained ^ cubic metre of beton, it re- 
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quired 21 loads to fiE a mould, faking into account the settling and 
compacting of the beton, which was 5 per cepi The fabrication of 
a block generally occupied an hour. 

The pannels of the box-mouldfl rested ou close-jointed woodoa 
flooring which formed the bottom of the moulds. Across the bot- 
tom, and at about 0.50 metre from the ends, small hollow boxes 
of slats were placed, to form grooves in the block for the suspen- 
sion chains used in handling. The lower grooves were continued 
vertically up the sides of the blocks. These side grooves were ob- 
tained by timbers of trapezoidal section, slightly fastened to thft I 
pannela of the moulds, and separated from the beton when fki ] 
moulds were taken apart. 

In the fabrication of the blocks, no voids were allowed in the in- J 
terior, and tlie surfaces were required to be perfectiy smooth, aild,<| 
to present the appearance of a coat of mortar. 

The first of these conditions was fulfilled by ramniing, Thft'1 
second was obtained by throwing the beton violently against thfr"! 
interior sides of the pannels ; the mortar alone adhered to the lafct i 
fer, the pebbles, etc., being thrown back. The surfaces of the fii^ I 
ished block presented no sign of broken atone or pebbles. Ths j 
upper surface of the block waa smoothed with the shovel when th». | 
mould was completely filled. 

In consequence of the ramming and of the weight of the bet<A ^ 
before the setting took place, it sometimes happened that the pan^ 
nels of the moulds were forced out of shape, and the blocks alsD 
These deformations arose from the swelling of the vertical pannel 
and the swelling prevented subsequently the blocks irom \ 
placed close together in building the courses of quay walls, 
disadvantage waa partly obviate<l by tightening bolts applied t 
the top and bottom of the moulds, and by bracing the pannd 
from the outside, when a neighboring line of blocks allowed it t 
be done. 

The object of the vertical grooves left in the blocks during theS 
fabrication was, to permit the suspension chains to lodge in them^ 
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■without this precaution, the thickness of the chains would, of ne- 
oesBily, have obliged the bloeka to be left considerably apart in 
building them into the courseB of a quay wall. 

The moulds were taken to pieces three days after completion of 
I the filling; at this age the beton had acquired sufflcient consist- 
ency to hold together, and to bear the weight of the movable rail 
track set on top, and used for running the beton cylinders back 
and forth. The blocks thus e^sposed to the air, remained in the 
yard during the time required for their complete drying and hard- 
ening. The length of time required varied from 40 to 50 days, ac- 
cotdiiog to the season. Sometimes blocks have been lifted and 
I transported to the point of use in 29 days after fabrication. 

The putting together and taking apart of the box moulds was 
easily accomphahed. The moulds consisted of two side and tw& 
end pannels, joined together simply by juxtaposition, and kept in 
place by iron bolts, on one end of which a screw thread was eut^ 
ftnd K nut with a handle used for tightening. The taking apart 
oonsisted in loosening the nuts, and removing the separate pan- 
nels. 

Lifting, Loading, and Transportation of the Blocks.— 
The lines of blocks in the yard ran parallel to each other, and were 
separated by a clear space of about 2 feet. The thickness of the 
sides of the moulds rendered this space necessary in any case, and 
it was also required for the movable rail track used in the trans- 
portation of the blocks. 

The lifting and transporting of the blocks was effected by a 
^_ Mteam traoeliing crane. (Frontispiece.) 

^h The crane consisted of a strong sheet iron frame, 19J ft. long by 
^H^ ft 2 in. wide, with 4 cast-iron wheels. The frame was divided 
^V|)7 a sheet-iron partition into two compartments, the rear one with 
^V3theet--iTon sides was empty and received the block ; the fore com- 
^r partment was covered with a floor upon which rested the steam 
engine, boiler and machinery. The engine was of 8 horse-power, 
Yertioal, non-condensing, with 2 cylinders and a tubular boiler. 
A system of gearing transmitted the power, either to a vertical 
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shaft which, by a cog-wheel on one of the axlee, worked the travel- 
ling oraue backward and forward, or else to a horizoatal shaft 
which communicated the motion to two vertical screws used in lift- 
ing the blocks. 

The travelHng crane with its frame was carried hj a truck with 
rails fixed on its platform. The truck travelled back and forth on 
the rail track G. (Plate II.) and placed the crane at the head of 
the different lines of blocks. The rails on the platform of the 
truck were on a level with the rails of the movable track establiah- 
ed on the ground on each side of the blocks for the use of the trav- 
elling crane. The movable track consisted of heavy longitudinal 
oak ties carrying the rails. 

When a line of blocks was ready for immersion, the trayellii^ 1 
crane left the truck, and, passing across the sunken track F on I 
the movable track, approached the first block. The suspenBioi),,! 
chains, previously passed around the block and lodged in tlw| 
grooves of the latter, were fastened to the ends of two horizontal^l 
beams, fixed to the lower part of the vertical screws. The I 
consisted of two plates of sheet iron, strengthened and connected J 
by iron braces ; at their extremities a hole was cut for the ] 
which held the end of the chain, and the beams, like the arms a 
a, pair of scales, worked on a pivot at the point of fastening b 
vertical screws, in order to be more easily attached to the chains. . 

The chains being attached, the horizontal shaft, extending tJu> 1 
whole length of the upper part of the frame of the crane, waa 
in motion ; on this shaft were two soctions of an endless sere 
which engaged with two horizontal pinions bearing teeth on th' 
outer circumference, and through the centres of which passed th« J 
upright ends of the hoisting screws. The pinions formed the nultf J 
of the screws, and as the former were prevented £rom rising, ti 
latter were forced to ascend, carrying the block up with them. ' 
travelling crane then transported the block over the sunken track S 
and deposited it upon a truck below. To free the block, which w 
still surrounded by the sides of the crane, the latter moved i 
the travelling l^ame or truck, on the outer track 0-, drawing afta 
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It by a boolc and chain, the two girders forming a bridge across 
the sunken track, and which would have interfered with, the paa- 
aage of the truck loaded with the block. When the latter had 
moved away, the bridge girders were replaced, and the travel- 
ling crane returned across them to obtain another block. 

The block was transported along the lower rail track, under a 
Bcaifold or derrick established on the shore ; on the upper girders 
of the derrick a travelling windlass lifted the block and deposited 
it on a lighter, The loaded truck with the block was either drawn 
by an endless chain from a stationary stoam-engina beneath the 
derrick, or else by a small locomotive, and later by horses. 

The lighters were towed to the point of use by a steamer. They 

twere generally made of the hulks of old sailing vessels, of which 

('ihe deck was lowered. Three blocks were loaded on each lighter. 

£nipIo.rment of Artificial Blocks.— The blocks were used. 

n protecting the seaward slope of the jetties, and also in the con- 

fltruction of quay walls. (Plate I.) 

Jetties. — In the revetment of the jetties the blocks were used 
below and above the level of the sea, and the operation of placing 

a was different in each case. 

I Shc^ Used Beneath the I,c>}el of the Sea.— Tho lighters used 

1 transporting blocks to bo sunk in the soa were prepared aa 

(Ibllows : On the dock was established an incKne capable of re- 

5 3 blocks, and on the timbers forming the ways, strongly 

i pine skids were placed ; a horizontal iron rod lay on the 

■4^^ along the foot of the skids, and was kept in place at each end 

y two rings, through which it passed. To the rod were fised 6 

1 arms, two by two, so that two arms were in front of each 

Hblock on the ways. At each end of the iron rod was a handle in 

lane with the iron arms, with which the rod could be 

turned in the rings. Before loading the lighter the handles were 

lifted upright, and kept in that position by a catch attached to the 

Bck ; the iron arms also were then vertical. 

e blocks were lowered upon the ways, and kept in position by 
ron arms against which they rested. When the lighter had 
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reached tlie point of immerBion, the catch liolding the handles was 
let go, anil the iron arms, being no longer retained in position, 
were forced over on to the deefc by the weight of the blocks, which 
then slid off the lighter into the sea. 

Blocks used ab&oe the Level of the Sea. — The blocks were 
deposited on a lighter, the deck of which was level, and lowed to 
the point of use, where a floating derrick or sheers on a bai^e 
awaited them. The summit of the sheers reached 5.00 metres 
(16J ft.) beyond the bow of the barge. A windlasB, with a lO-horse 
power engine, worked a heavy iron chain over a pulley at the end 
of the sheers. The chain ended in four smaller chains, capable of 
being fastened together two by two. 

The sheers and lighter being in proximity, the chains were 
passed around in the grooves of a block, the windlass set in motion, 
'and the blocks suspended in air. By hawsers from the jetty, the 
barge and sheers were hauled in front of the point to be covered, 
and tlie block was lowered upon the slope of the jetty. The i 
chain was slackened, the small chains unfastened irom ttie b 
and the operation completed. 

The placing of a block by tviis method occupied about 20 i| 
utes, and in calm weather up to 31 blocks could be placed ii 
and generally 25 blocks. High tide was preferred for immersi 
as the chances of breakage of the blocks were diminished by ^ 
greater thickness of water they had to pass through. 

Quay Walls. — The general foundation of the jetty, etc., 
sisted of a bank of broken stones of various sizes, h pierre perdd 
rising from the bed of the sea, at a depth of 17 metres (56 ft.), 
the interior slope of the jetty, the bank was carried up at 45°. 
within about 6 metres {ISJ ft.) of the level of the sea. 
depth it formed a wide bench or set-back, upon which the qu^ 
wall, composed of four courses of beton blocks, each 1.50 i 
(5 ft.) high, was built up to the level of the sea. 

The surface of the bench was too irregular to serve as a bed fj 
the blocks, and it was levelled by filling up the inequalities s 
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spaces between tlie lai^e stones, with email gravel and brokea 
stones. 

'For this purpOBe, a raft of wood was anchored over the site of the 
quay. In the floor of the raft, a rectangular aperture was made, with, 
its longest sides in the direction of the width of the set^bact. On 
one of the longer sides a plank apron was erected, inclined towards 
Kfbfl opening. On the opposite side was a vortioal apron of boards. 
A lighter loaded with small broken stones and gravel was 
moored to the raft, and the materials were emptied in small quan- 
tities upon the inclined apron, and through the opening in the 
floor of the raft, into the sea. A workman standing behind the 
vertical apron to protect himself from the splashing of the water, 
directed with a sounding lead the levelling of the bed of the quay. 
The rough bed was equalized over a width of 8 metres (26 ft.), cor- 
responding to the length of a block 3.40 metres (11.16 ft.), with an 
additional width of 2.50 metres (8 ft.) in front. (Plate I.) The 
(Bying-bell was used for removing any pieces of rock, which from 
ieir large size interfered with the regularity of the bed. 
: These preparations being completed, the blocks were loaded on 
^htere, towed to the site, and suspended in air by the floating 
in the same way aa when used for the seaward revetment. 
To lower the block to its bed, 6 metres below the surface of the 
■water, and to align it in the quay wall, an iron frame was used, 
consisting of 3 aides, each 2.00 metres (6| ft.) long, and equal to 
jbe width of the block. 

' At each angle of the iron frame sockets were placed, in which 
ro clamped upright wooden posts 6 metres high. When the block 
s ready to be lowered the frame was placed uiwu it, the two up- 
ighta being in the same plans with that side of the block des- 
hied to form part of the face of the wall. 

""■ When the block -was submerged and directed into its proper 

e by the frame and uprights, its position below was indicated 

f the visible portion of the latter above water ; it was thus suffi- 

t to place the uprights in the aligmnent of the proposed quay 

wall, lo be certain that the blocks were also in it. When a block 
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was placed the Buspension cliaina were withdrawn, as well ae the 
iron Irame, which was kept in poeition only by its weight. 

The placing of the first course of blocks was the most difficult to 
accomplish, on account of the occasional unsvenness of the bottom, 
caused either by the action of the waves, or by imperfect levelling ; 
divers were then employed to remove the obstacles. 

The joints of the blocks of each course were laid as close as 
possible, and the joints of two successive courses were crossed at 
half the width of the block. To complete a courBe, blocks were 
cut to the required dimensions for filling the vacant space. 

The wall of beton blocks was continued above water by masonry 
which formed the quay wall proper. To avoid the disruption of 
the latter by any settling of the blocks from the additional weight, 
they were previously loaded during several months with two j 
courses of blocks. The settling produced by this weight ' 
frequently very irregular, and the consequent inequalities in i 
surface of the upper course of blocks were carefully levelled t 
layers of cement concrete at the level of low tide, from which poia 
the quay wall of masonry waa built up. The bench of 2.50 n 
in width, at the base of the wall of artificial blocks, was genera 
destroyed, in part by the united effects of the weight of the v 
and the action of the waves ; it was re-established with broke! 
stones and rocks placed by the workmen in the diving-bells. 
Personnel and Lnltor i-equired. 
1*. Fabrication. 

Steam Engine. Engineer and fireman 2 men. 

Pebbles, Loading cars 12 " 

Washing 7 " 

Sand. Loading cars 6 " 

Conducting cars to elevator 2 " 

Unloading and heaping sand 3 " 

Lime. Loading cars and conducting to ele- 

Floor of Mortar MiUs, Lifting cars 1 " 

B«ceiTing lime and sand cars, and 
T"'11 work 6 " 
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Ijabor on slieere 7 men. 

Crews of lighters, and labor in im- 
mersing 6 " 

Average Daily Production and Work. 

Fabrication 1*2 blucks. 

Employment of blocks under water..20 " 
Employment ot blocks, crown of 

jettieB 16 " 

Emploj-ment of blocks, quay wall 

foundations 12 " 

Description of a Smaller Yard of Fabrication.— The 
estabiishment of tho plant described above entails a great expen- 
diture, which can only be entered upon when a large quantity of 
beton ia required. A. smaller plant waa established for Hm 
fabrication of 25,000 cubic metres (33,000 cubic yards) of I 
betou to be immersed green for the graving docks of the pott J 



The plant consisted of a mortar mill for the fabricadon i 
mortar, and a platform of planlta on which the mixing of 1 
mortar with the broken stones for beton was carried c 

f the mortar mill were set in motion by a locomobile, whJ 
also worked a water-wheel for washing tho pebbles. 

The pebbles were deposited upon the platform in a long 
heap of triangular section, and upon them was laid the propc 
quantity of mortar. The mixing waa done by hand ; three i 
with hoes on one side of the heap spread out the ingredien 
towards them on the board flooring, and were assisted by thi 
men with shovels upon the opposite aide. Two of the latter assista 
in spreading out the mixture, whilst the third shovelled it c 
into a heap. The process of turning over was continued thros 
times, and the beton was then sufficiently mixed. The beton i 
its passage acroaa the platform, from its first to ita third position, 
traversed during the mixing a distance of 6 metreSj or about 6 J fee 
for each turning over. 

The mortar on account of the peculiar character of tho works h 
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'hich it was to be used, was made with 400 kilog. of lime of Toil 
1.07 cubic metre of uncompacted aaad (630 lbs. lime per cubic 
■yard of aand). The beton consisted of three parts of pebbles to 
two parta of mortar. 

The pebbles weie transported to the platform in wbeel-barrowa, 
of which the volume was 2.37 cubic feet. The bottom of the barrows 
consisted of open work, to let the water run completely off, after 
washing the pebbles in the barrows. 

The mortar was transported on barrows with a raised edge upon 
three aides, so aa to give a volume of 1.59 cubic feet. The cubic con- 
tents of the pebble and mortar barrows were thus in the proporfdon 
of 3 to 2, and to avoid confusion, a barrow fnll of pebbles deposited 
on the mixing area was always followed by a barrow full of mortar, 
before the arrival of the next barrow of pebbles. 

The beton made as above, was sbovelled into sheet iron semi-cyl- 
indrical boses for immersion. The boxes were placed on boats and 
■tranaportad to the point of use, where they were lifted by a crane set 
Upon the caissons, and lowered into the water to form tbe hearting 
til the sea wall. 

"The daily fabrication was 60 cubic metres of beton. 

The labor required for this production was : 

Steam Engine 1 man. 

Transportation of sand 4 men, 

do, of lime and work at mill i " 

Pebbles ^ ^^ing barrows and washing 10 " 

^ Eetuming barrows to platform 1 man. 

Loading mortar barrows, and emptying mor- 
tar on pebbles 8 men. 

Mixing beton (two gangs of men) 12 " 

Loading beton into boxes 5 " 

Transporting boxes by boat (3 boats and S 

boxes per boat) ; 9 " 

[Windlass ■' 4 " 

■^™'°''- I Emptying boxes 2 « 

Cost of Fabrication of Teil Beton Blocks.— In tho im- 
tant works of the construction of the Napoleon Basin and Jetty 
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atMarBeilles in 1857, of which M. Pascal was Chief Engineer, and 
MM. Dussaud Bros. Contractors, 10,000 artificial blocks of Teil ba- 
ton were employed ; the volume of each block was 10 cubic me- 
tres, 353 cubic feet. 

The cost of fabrication, although lower than what it would be to- 
day, is interesting as giving the relative cost of the different itemsi 
and the proportions of beton. 

Teil Bet07i for Artificial Blocks. (Marseilles.) 

286J lbs. of Teil lime at 28 fr. per ton $0 73 

Weighing, transporting and storage of lime 08 

0.45 cubic yard of sand at 3.82 fr. per cub. yd.... 35 

1 cub. yd. of pebbles at 2.68 fr. per cub. yd 53 

Fabrication, inclusive of taking moulds apart, cost 

of moulds, &c., and groove boxes 46 

Lifting, transporting, immersing, inclusive of cost 

of plant 46 

General expenses ^V 09 

Profit of contractor^ 19 

Cost* per cubic yard of cuiificial block in final ) ^n oq 
posi ion ) 

Teil Beton for immediate immersion. (Marseilles.) 

337 lbs. of Teil lime at 30 fr. per ton....... SO 92 

0.54 cub. yd. of sand at 3.44 fr. per cub. yd 37 

0.90 cub. yd. of broken stone at 2.68 fr. per cub. 

yard 48 

Fabrication and immersion 61 

General expenses -ij^ 12 

Profit of contractor jV ^ 25 

Cost per cubic yard of beton immersed green $2 75 

Since the execution of these important works, the cost of Teil 
hydraulic lime has considerably increased, owing to its demand for 
works such as those of the Suez Canal, Alexandria Harbor, etc 

* All prices and oosts g^vdn in gold. 
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In the eonatruclion of the Port Said Breakwaters, in 1865 to 1S68, 

the cost of Teil beton per cubic yard of artificial block w&a $6,40 ; 

the coBt of the block in final position -was 815.30 per cubic yard. 

The cost of fabrication by machinery of Tail beton for artificial 

ilocis, at any point near New York, may ba estimated as follows, 

adopting the proportions actually employed by French engineers of 

590 lbs. Teil hydraulic lime per cubic yard of sand, producing 1.10 

cubic yards of mortar, and one volume of Teil mortar to two vol- 

uniea of brgken stone. Toil hydraulic lime costs 821.75 per ton, 

delivered in dock. New York ; the coat of sand, broken stone, and 

labor is based upon the results obtained by General Gillmore in 

i70 to 1871, in making concrete for the Staten Island Forts : 

Ttil Beton for Artificial Blocks. (iVew York.) 

266 lbs, Teil lime, at «21.'75 per ton of 2,240 lbs.... «2 5S 

1.45 cub. yds. of sand, at 36o. per cubic yard 16 

0.60 cubic yard Teil mortar. 

1 " " of broken stones and pebbles, at 

$2.00 per cubic yard 2 00 

Fabrication of beton (mixing, transporting to 
moulds, ramming), inclusive of taking moulds 
apart, cost of moulds, etc., and groove boxes 1 60 

Cost of Teil beton per cubic yard of block ?6 34 

Lifting, transporting, immersing, inclusive of cost 

of plant 2 00 

General expenses -jV 42 

Profit of contractor 88 

Total cost per cubic yard of artificial block in 

final position $9 64 

In betons made with Portland cement, it is a common practice to 
cheapen the product by employing equal volumes of cement and 
laked ground non-hydraulic lime in powder, instead of cement 
gone. 

■ With Portland cement alone, weighing 106 lbs. to the bushel, 
[t ia expensive to fulfil the conditions of a good mortar by filling 
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the voiila in tlie sand, and the uae of the c< 

edy the lack of volume of the cement at the expense of homogenal 

ity, and of a better resistance to the action of sea-water. 

The opinion is gaining ground among many engineers, that it il 
preferable to employ a single lime or cement at a time in a morb 
or bel^n instead of various mixtures, and that a good hydraulio 
lime used bj itself is better than a mixture of a good cement ciad 
an ordinary lime, or of an ordinary Hme and pozzuolana. 

Teil lime weighing 56 lbs. to the bushel, gives not far from 
double the volume of the sama weight of Portland cement It u 
strongly bydraulio, very uniform in composition, and as its qoali^ 
is invariable, Teil lime produces very homogeneous mortars and 1 
betons, which resist the action of sea-water. 

For artificial blocks for marine Btructures, a beton of first rate i 
quality caa be made aa above mentioned, for $G,34 per cubic yard of ! 
finished block. The same beton, in which the Teil lime, weighing I 
266 ibs., has been replaced by an equal volume of Portland cemea^ j 
weighing 504 lbs. (at $20.60 per gross ton), would cost, the othet j 
items remaining the same, 88.89 per cubic yard of finished bloo^ j 
showing an increased cost of about 30 per cent. 

If ono'half of the volume of Portland cement is replaced bj mm 
common lime {252 tba. of cement, at $20.60, and 178 lbs. of lima d 
45 per gross ton), the other items remaining the same, the econom 
obtained by the use of Teil beton is about $0.14 per cubic yard, t 
prices of both betoaa being respectively $6.48 and $6.34 per cubio ^ 
yard of block. In this case the chief advantage attending the lus ._ 
of Teil hydraulic lime, is that a more reliable and homoganeom 
beton is obtained, which can be depended upon to resist the aotloi 
of the sea. 
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CERTIFICATES. 

iFort of Marseilles. (Mediterkasean Sea.) 

1. Teil lime, ironi the quarries of Mesara, L. ani E. Pavin de 
I Iiafarge, Lae been employed for upwards of 16 years in the depart- 
ment of Bouehes-du-Ehone. It has been used almost exclusively 
a the construction of La Jolliette and of the Friou!, notably in the 
fabrication of artificial btocka for the exterior slope of the jetties 
where thpy would receive the shock of the waves, and in the 
masHea of concrete for the foundations of quay walls. The con- 
OTete in the artificial blocks was immersed after a, preliminary dry- 
ing in air for several months ; the masses of concrete for foundations 
. were immersed green. 

h All the works made with this lime have resisted perfectly the 
Mhemical action of salt water, and the shock of the waves. Of the 
great number of mortars made of various hydraulic limes on which 
we have experimented to determine the tensile strength, those made 
of Teil lime occupy the first place. Teil mortars have been used 
joth, in fresh and salt water, in raasoiiry and as a eoaticg. lu 
^eae uses we have also found them iar supeiioi io other hydraulic 

The Engineer-in- Ordinary, 

(Signed) Pascal. 

, Mabseilles, l~th Feb., 1855. 



. To-day, on the termination of the works of the Napoleon 

in and of those of the Marseilles Docks and Warehouses Basins, 

exclusively constructed with the hydraulic limes of Teil (Ardfiche) 

lerived chiefly from the quarrries of MM. Pavin de Lafarge, we 

a testify to the superiority of these limes. 

The Engineer-in Chieft 
(Signed) Pascal. 

\% Feb., 1867. 



3. The undersigned, Engineer- in-Chief of Bridges and High- 
vays, charged with the direction of the works of the Port of Mar- 
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seilles, certifies that since 1840 the hydraulic limes of Tail have 
been exclusively employed in these works, of which the value is 
about fifty millions, and that they have given the best results. * 

It was on account of these ascertained facts that in nearly all the 
groat works of the Mediterranean Ports recourse was had to these 
limes. 

We would mention Algiers, Port Said on the Suez Canal, and 

the Port of Trieste. 

(Signed) Pascaj.. 

Maeseilles, 25th Nov., 1872. 

4. I, the undersigned, Engineer in Ordinary of Bridges and 
Highways, in charge of the Works of the Second Maritime Divis- 
ion of the Bouches-du-Ehone, certify that the firm of Mathieu Cou- 
turier (now Soullier & Brunot), lessee of the Hydraulic Lime 
Quarry of " Detroit," situated in the Commune of Toil (Ardeche) 
and belonging to that Commune, has been allowed since the year 
1858, simultaneously with MM. Pavin de Lafarge, to furnish the 
Teil hydraulic limes required for the Maritime Works of the Bou- 
ches du Bhone and that it has since that date received the adjudi- 
cation of seven contracts for the Second Division as follows : 
Dec. 22, 1859. Construction of Draw-Bridge at 

Martigues 1,400 Tons. 

Sep. 29, 1864. Construction Graving Docks, Port 

of Marseilles 6,500 " 

Aug. 14, 1866. Completion of Sewers of Plombieres 

and Aygalades, Pt. of Marseilles... 180 " 
Oct. 24, 1868. Construction Graving Docks, Port 

of Marseilles 2,200 « 

Jan. 18, 1869. Construction Graving Docks, Port 

of Marseilles 882J « 

Aug. 9, 1870. Construction Graving Docks, Port 

of Marseilles 1,550 " 

Aug 9, 1870. Construction Second Draw Bridge on 

the Joliette Traverse 200 " 

12,912J Tons. 
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I certify, moreover, thftt the firm Mathieu Couturier always ful- 
filled to the satisfaction of the Administration the obligations in- 
curred by its contracts. 

(Signed} Dbn4SIBL. 

Makskilles, Jvly 23, 1872. 

Countersigned by the Chief Engineer of the Maritime Worka, 

(Signed) Pasoal. 

Marseilles, July 27lh, 1872. 

5. I, the undersigned, Ingenieur Ordinaire des Ponts et Chaus- 

jeea, in charge of the Works of the First Maritime Division of the 

Bouches-du-Phone, certify that tha Association formerly known 

under the firm name of Couturier, Soullier & Co., and at present 

as Soullier & Brunot, which Association ia leasee of the Hydraulic 

Iiime Quarrj- of " Detroit," situated on the Commune of Toil (Ar- 

dcche), and belonging to that Commune {the said AssociatioE being 

I represented successively before the Administration by M. Couturier 

I «nd M. Soullier), has been allowed since the year 1858, siraulta- 

\ ueoualy with Messrs. Pavin de Lafarge, to furnish the Teil Hy- 

1 draulic Limes required for the Maritime Worts of the Bouches-du- 

1 Ehone, and that the said Association has, since the said date, fur- 

tnished a series of the said hmes, destined for the 'works of the 

Bfabove-named First Division, of which the dates, objects, and quan- 

Itities are enumerated as follows : 

Adjadication, 15th July, 1858. Completion of the Belt Sewer of 

ihePortofMarseUles 1200 Tons. 

Adjudioation, 13 th Sept., 1859. Improvement of the 

Quays of the Joliette Basin, Marseilles 350 " 

Adjudication, 9th July, 1861. Construction of the 

Quay Walls, Napoleon Basin, Marseilles 2450 " 

I Adjudication, 17th June, 1S62. Fabrication of Arti- 
ficial Blocks. Completion of Napoleon Basin 

Jetty 4500 " 

Adjudication, 12th May, 1864. Fabrication of Arti- 
ficial Blocks for Jetties of Imperial Basin 9700 " 
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From 1868 to 1871 various works at Port Ciotat (re- 
charging the seaward slope of the prolongation of 
the New Mole with artificial blocks. Underpin- 
ning repairs of quay wall of Old Mole, and of 
quay wall of the prolongation of New Mole. Ke- 
construction of part of quay wall of Old Mole ; 
construction of a shelter for fishing boats in the 
Meadow Cove) 210 Tons. 

Adjudication of October 25, 1871 (approved by Minis- 
terial decision the following 27th December), re- 
charging the seaward slope of the prolongation 
of the New Mole with artificial blocks 175 *' 



18,585 Tons. 
I certify, moreover, that MM. Couturier & Soullier have al- 
ways fulfilled, to the satisfaction of the Administration, the obliga- 
tions they had incurred towards it by undertaking to supply the 

above materials. 

(Signed) Andee. 

Mabseilles, 24 July, 1872. 

Countersigned by the Chief Engineer of the Maritime Works, 

(Signed) Pascax. 

Mabskilles, July, 1872. 



Port Said. Suez Canal. 

COMFAGNIE UnIVERSELLE 

du 
Canal Mabitime de Suez 



i 



I, the undersigned, certify that the artificial blocks with which, 
the great Jetties of Port Said were constructed, from 1865 to 1868^ 
by MM. Dussaud Bros., Contractors, under the superintendence- 
and inspection of the engineers of the Company, were made witk 
the hydraulic lime of Teil of MM. L. & E. Favin de Lafarge,. 
and that with regard to quality, homogeneity, hardness, etc., etc., 
this lime has always given excellent results. 

I certify, moreover, that during the three years of the construe- 



APPENDIX — HYDRAXTLIC LIME OF TEIL. DO 

tion of these works, the establishment of Lafarge fnrnished for 
them alone upwards of eighty thousftnd tons of hme. 
For the President, 
^b (Signed) Ch. A. De Leksbfs. 



Pasis, 11th January, 1873. 



■Ort of Toulon. (MEDiTEKaANKAif Sea.) 

1. I certify that since more than 20 yeara that Teil 

liydrauhc lime has been used in. the works of the port of 

Tonlon, this Jime has always given excellent results in sea- 

vatei as well as in fresh water or exposed to the air, and 

L&r coating masonry; that no alterations have ever been ob- 

Kierred in the niortara made with this lime and used in sea- 

• wat«r ; that in the works executed by the Navy at Port Vendres, 

blocks of masonry with Teil lime have been constructed, and that 

these blocks employed in the revetment of the mole have resisted 

perfectly both the shock of the waves and the chemical action of 

ealt water. 

The Engineer-in Chief of the Fonts et Chausaees, Director of 
the Hydraulic Works of the Navy, 

(Signed) Noel. 

To0LOH, lOC/i Feb., 1855. 

'i. The Engineer-in-Chief of the Ponts et Chausseea, Director of 
|he Hydrauhc Works of the Navy, certifies that, during the last 
■12 years, the hydraulic lime of Toil of MM. Pavin de Lafarge has 
feen almost exclusively employed at the Port of Toulon for all 
marine structures, and particularly in the fabrication of 153,000 
cubic metres of concrete for the three graving docka of CaatigneaD, 
and that it has always given good results and a notable economy 

T the use of pozzuolana. 
■ The hme of Teil is also usually employed for the coating and 
} cornices of masonry, and behaves very well espoaed to air. 
9ie leeult of a visit, which he has made recently, shows that the 
the Port Vendrea Jetty, made of Teil mortar, have 
bBieted the action of the sea perfectly, and that no perceptible 
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alteratioa haa been noticed ia tbe works Qxecuteil witli Teil Ume' 
during the last 25 years at Toulon. 

(Signed) Baooi. 

ToiTLoK, Zd Jan., 1867. 

Port of Cette. (Meditekranf.*» Sea.) 

1. The underaigned, Engineer-in-Ordinary of the Ponts at 
Chftussees, certifies that the hme of Teil (Ardiiche) U the only 
lime employed for the maritinie works of the Port of Cette sinoe 
1852 ; the worka constructed aluce that date show great hardnQaO) 
and not the slighteHt trace of deeompoaition. J 

(Signed) Salta. 

Ceite, 12111 Jan., 1867. 

?. The undersigned, Engineer of the Poats et Chauase'es, certifieaifl 
that the lime of Teil derived from the eatabliahment of MKL * 
Couturier, Soulher & Co., has been employed in 1864 and 1865 £ 
the fabricatioa of artificial blocka of beton, and for the eubmerg 
concrete of the foundations of the quays which were reoonstmcte 
in the Canal of Cette, and that it has given go'jd reaulta. 

(Signed) S.i-Lva. 

Cette, Qth April, 1SC7. 

Port Vemlres. {Mebitekeanean Sea.) 

I, the undersigned, Alfred Pasqueau, Engineer of the Ponta et-l 
Chanssees, attached to the ordinary service of the Department o£l 
Pyrenees Orientales, and to the special service of the Port and 4 
Eailroad of Port Vendres, certify that the artificial blocks of ma-' J 
Bonry made since 1844 with Teil-Lafarge hydrnulio lime, for the' J 
construction and preservation of the mole of Port Vendres, 
state of perfect preservation, and do act show any trace of disintq 
gration. I certify, moreover, that t!ie aame lime has been almodj 
exclusively employed in our service for the construction of maaont] 
works of the Port Vendrea Eailroad, and of the Imperial Eoad 
and that it has always given excelleat reaulta, with regard t 
quickness in setting as well as to strength of the mortars n 
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In belief of which I have written this certificate, to give value 
^here it is due. 

The Engineer in Ordinary, 

(Signed) P*3auE*ff. 

pEErrGBAN, lOlU Ji'imaty, 1867. 

Poi*t of Saint Malo. (British CniKSEL.) 

The undersigned, Engineer-in-Chief, certifiea that the mortars 
e of Toil lime and sea sand, used in the blocIcB of maBOnry, 
immersed in the sea during 8 years at Saint Malo, are to-day 
kery hard and in perfect preservation. 

In belief of which this certiiicate haa been delivered to M. de 
Justrac. 

The Engineer-in-Chief, 

(Signed) Bbllihoeb. 

1 Saint Malo, SOtk Auffunt, 1862. 

!flillte-de- Grave. (Bat of Biscir, Atlantic Ocean.) 

The undersigned. Engineer in Ordinary, in charge of the defeii' 
flive works of the Pointe-do -Grave, Department of the Oirande, cer- 
tifies as follows ; 

He had constructed during the month of March, 1860, five 
bloolcs, each 9 cubic metres in volume ; three were made of ordinary 
masonry and two of beton, composetl of three volumes of mortar 
to five of pebbles. The mortar used contained 4 kilogrammes of 
Teil lime furnished by M. Pavin de Lafarge, to 10 litres of sand. 

These blocks were immersed on the Eastern slope of the Poinle- 
de-G rave jetty, at the end of the month of May, 1860; a scouring 
of the bed of the sea, which occurred on the 13th November, 1864, 
having caused them to disappear in the sea, where they were cov- 
ered by other blocks, it is no longer possible to verify the state of 
preservation in which they are at present. 

Previous to the 13th November, 1864, these five blocks, which 
bad been on several occasions minutely examined, did not show any 
trace of decomposition. 
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In belief of which the undersigned delivers this certificate to SL| 
PaTJn de Lafarge, for him to use as he shall see fit. 

(Signed) BoBAOUA. 

BoRDEAcx, lldJanuary, 1867. 



Port of SuInt-Jean-de-Liiz. (Bai 



■, Atlantic Oceaw.m 



I, the undersigned, Engineer-in -Chief of the Ponta ot Chaua- 
e^es, in charge of the service of the maritinie works of the Basses- 
F^neee and the Landes, certify that the mortar brick 
livered to M. de Lustrac, agent of MM. Pavin de Litfarge, mana^ 
facturers of Teil lime, to bo east to the exhibition, was made on tht 
15th April, 1865, of a mixture of three parts in volume of Band t 
one part of Tail lime, derived from the estabUahment of MM 
Pavin de Lafai^, and mixed with freeh water ; that it was depos-T 
ited on the 12th May, 1865, in the exjierimental bath of the Tour 
des Bignaus, at the mouth of the Adour river, filled with sea-water 
renewed every eight days, and that it remained constantly immersed 
until this day. 

I certify, moreover, that since 1865, Teil lime has been employed 
in the fabrication of small artificial blocks for the Sacoa break- 
water, at the entrance of the bay of Saint-Jean-de-Liiz, the actual 
state of which blocka cannot be ascertained, as they were used in 
the foundations and mixed with natural blocks and large artificial 
blocks of Portland cement mortar. 

The Engineer-in- Chief of Maritime Works, 

CSigne<l) Daquknet. 

Baionne, 2(1 Jauuari/, 1867. 

Port of Barcelona (Medherbaneas Sea.) 

1, D. Jose' Rafo, Inspector generale de segunda clase del Cuerpo 
de IngenieroB de Caminos, Canales y Puertos, Caballero de la 
Ileal y distingnidB orden de Carlos Tercero, etc. 

Certifico ; Que como director que he sido de la obras del Puerto 
de Barcelona, he empleado para la confecciou de las sillares artifi- 
cialee de hormigon hidraulico de muelle de la nmralla de mar, la 
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I cal hidraulica de Teil del eatablecimieDto de MM, L. et E. Pavin de 
I Lafarge cuyo material ha correspondido perfectamente al objeto a 
E que ee deetiuo, daudo resultados eumamcnte aatisfactorios. 

Y para que cooste aei donde convenga, espido eete documento a 
I petdcaon del intereeado, en Barcelona a quince de noviembre de mil 

jntos fieeente y eeis. 

(Signed) Jose Etpo. 

Bakcblohb Ibl/tJVbv., 1866. 



2. Don Mauricio Garrau, Comendador de la Real diatinguida 
I orden de Isabel la Catolica, Ingeniero jefe del ouerjH) de caminoa, 
I «anale8 y puertos. Jefe de la proyincia de Barcelona, eta. 

Certifico ; que se ha marcado con el sello de la oficina de obraa 

' publioaa de eata provincia, una nmeatra de hormigon, oortada de 

uno de Iob bloquea construidoa por loa 88. Delaol y Martin para las 

obiaa del puerto de Barcelona, que Be haUan baso me diioccion, y 

■ouyo hloque fue oonstruido el dia 6 de octubre de 1863 y sumer- 

' ^do en el mar en abril de 1S64, en donde ha permanecido hasta el 

[ presente. 

£1 hormigon, que le coustituye, esta conipuesto en Tolumenes 
iguales : de una parte de cal hidraulica de Teil y doa de arena de 
mar para formar la mezcla o mortero hldrauhco ; y tres partea de 
late con cinco de piedra machacada, para conatiuir ol hormigon. 
T para que conste, y a peticion de loa SS. Delaol y Martin, expido 
Lla preseDte en Barcelona a trece de marzo de mil ochoclentoa seseata 
f mete. 

(Signed) Mattkicio Gabbai;, 



l-Port of Algiers. (Mediibbeakeab Sea). 

The undersigned, Engineer-in-Chief of the Fonts et Chauaaeea, 
' certifies that the lime of Teil, derived irom the quarriea of MM. 
Pavin de Lafai^e, haa been employed since 1852 in the hydrauhc 
[ works of the Port of Algiers. 

Mixed ,-with aea-aand, it has been used in the fabrication of 
mortars for concrete immediately immersed, and for artificial blocks 
immersed after a previous drying in air of from two to two and a 
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half montha, according to the aeason, an<I the method of use by 8i 
and by land. The mortars thus made have acquired very great 
hardness, and to-day they do not show any trace of alteration or 
decompoaition by the ehock of the waves or by the chomical action. 
of Bea- water. 

The Engineer-in- Chief certifies, moreover, that Teil lime haa 
been employed successfully in the works in the sea, and that it is 
very hydraulic, very active and quick, and very homc^eneous- 

J. DE Sbrbt, 
AxGiEBs, Ith March, 1867. 



Port of Orail. (Meuiteweaitean Sea.) 

I, the undersigned, Engineet-ia- Ordinary of the Fonts et Ohaus- 1 
Bees, in charge of the hydraulic works of the Port of Oran, certify, , | 
that the piece of concrete dehvered to the firm Pavin de La&rge J 
du TeU (Ardeche), was taken in February, 1861, frora an artificial.! 
block of 15 cubic metres, immersed in the jetties of the Fort of « 
Oran in 1853, after a sojourn of 13 yeara in the sea ; that the ooa- 1 
Crete was composed of one part of mortar and two parts of brokea i 
stone, and the mortar was composed of 350 kilogrammes of Tefl J 
lime, derived irom the estabUahment of Pavin de Lafarge, to one I 
cubic metre of sand. 

F. Robin. 

Oean, 8(A February, 1867. 



{Countersigned.) 



The Engiueer-in-Chlef, 

Attcoite. 



Port of PMIippeville. (Mehitereanejiit Sea.) 

The undersigned. Engineer of the Pouts et Chausseos, certifiesB 
that the frt^inent of block attached to this certificate was made oofl 
the 22d March, 1862, and immersed on the IStli October, 1863, oa.l 
the interior of the smalt enclosed basin of the Port of Philippe ville. 3 

The befon composing this sample is composed of two volumes of I 
broken stone and one volume of mortar; the mortar itself contains | 
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per cubic metre of sand, 370 kilograiumea of Teil lime sold by the 
tirra of Payin de Lafai^e ; the lime is delivered at PhilippeviUe, 
sereened in powder, and enclosed in sacks. 

I Besides its well-known qualities, the lime of MM, Pavin de 
Lafarge is distinguished hy an absolute homogeneity. 
■ Certified by the Engineers in chaise of the Works. 
i Por the Engineer-in-Chief, Db Lannoy, Absent, 

I The Engineer -in -Ordinary, 

I (Signed) Gat. 

\ ■ CossT^NiiSE, iBt/i Jan., l^iST. 



I Port of Ajaccio. (Meditekeasean Sea, Oobsica.) 



I, tlie undersigned, Ingenieur Ordinaire des Fonts et Chaussees, 
certify that the blocks of concrete numbered consecutively from 1 
to 10, are derived from the end of the Margonojo jetty (Port of 
Ajaccio), executed in 1861 by myself, under the direction of M. 
Vogin, Chief-Engineer of the Department. 

The concrete consisted of three parts of broken atone and two 
of hydrauhc mortar ; the mortar consisted of 8 parts of sand 

5 of hydraulic lime from the quarries of Teil (Ardtche), belong- 
ing to MM. Pavin do Lafarge. 

Tne blocks in question formed part of the 'foundatioa of the jet- 
■ty ; they were taken from about 10 centimetres below the level of 
the sea. 

I certify, moreover, to having employed Teil hydraulic hme {quar- 
ries of MM. de Lafarge) in various works in the sea, and I declare 
that the mortars and concretos manufactured with this lime have 
until now resisted perfectly and have given excellent results. 

(Signed) Koziaeowicz. 

Ajaccio, 11(/< Feb., 1867. 

Port of Bastia. (Meditebraneas Sea, Corsica.) 

1, The block of concrete which ia to figure in the Exhibition of 
1867, and which bears a ticket giving the number of the present 
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certificate, was obtained from one uf tlie artLficial blocks of I 
revetment of the ancient jetty of the Mole Genois. 

This artiiiaial block, of which the upper surface is 0.60 metre 
below the level of low tide, was made and submerged ia 1852, at 
which time the works were directed at Ajacoio by M, Hemooz, 
Engineer-in-Chief, and at Eaetia by M. Vogin, then Engineer-iii- , 
Ordixiary of the Northeast Pi vision, and at present £ngineer-iiwJ 
Chief of the Department. The concrete in question consisted of S 
parts of broken atone and one part of hydraulic mortar ; the i 
tar was composed of 0.90 in volume of sand to 0.62 in volume ) 
lime manufactured at Bastia with Teil limestone. A large nani 
ber of concrete foundations and artificial blocks of concrete haT*/| 
been made at Bastia with Teil lime from the firm of Pavin de L 
farge. These concretes Lave until now resisted successfully the a 
tion of the sea ; the sample to which the present certificate refbn 1 
was chosen as belonging to one of the oldest blocks ; the operatiou i 
were under the supervision of M. Bonavia, Ohief Conductor in fli( 
Poats et_ChauB6eeH. 

Certified as correct by the undersigned Ingenieur Ordinaire, 

(Signed) DoNioi,. 

Bastia, lOM Jmi., 1S67. 

3, J, the undersigned, Ingenieur Ordinaire of the Fonts et Chaiia* ' 
sees resident at Bastia (Corsica), certify that the hydraulic liin^^ 
from the Detroit quarries situated in the Commune of Teil (Ap- 1 
deche) and worked by MM, Couturier, Soullier & Co., ia designated ' 
in the specifications of the department for works in the set 
taneously with the lime derived from the Teil quarries of MM. Pk< 
vJE de Lafai^s. I certify, moreover, that the lime of MM. Oouta 
rier, Soullier & Co., is employed actually for the South Quay of thJ 
Port of Bastia, whore until now it has given good results. 

(Signed] DoNioL. 

Baotia, llh March, 1867. 

Countersigned and approved by the undersigned Chief Engineet.,,3 

(Signed) Voonf, 

Ajaccio, lUh March, 1867. 
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Port of Isle-Bousse. (MEniTEEE\NE.u; Sea, CoBsic*.} 

The Mayor of the town of Isle-Eoizsse, Department of Corsica, 
certifies that the fragment of a block, sent to-day aa a sample by 
M. Padorami of this town, to the firm of Pavin de I.afarge, at 
Marseilles, has been detached from a huge block immersed ia the 
sea in 1852 during the construction of the works of this port, eoii- 
eisting of pebbles mised with sand and hydraulic lime under the 
superintendence of M. Lacrois, Ingenieur-en-Chef des Ponts et 
Ohaussees, and M. Lesguittier, Ingenieur- Ordinaire, In belief of 
which he has delivered the present certificate. 

^B The Mayoi 

^M IsLE-EoDssE, 9M Fed., 1867. 

B Tl = 



PlCCIOHI. 



port of Lft Spezzia. 



(Ml 
1. Gen, 



Miliiare. 
I)ebezion-e or SpFJitt Maeina. 
Aesbnaie Militabe Maeittimo di Spbzzia. 
H sotto Boritto in seguito a richiata delli Signori Pavin Lafarge, 
fabbrioanti di calce idraulica del Tail (Ardiiche) dichiara che nei 
diversi lavori idrauhci di questo arsenale marittimo venne impie- 
gata al giorno d'oggi una quantita di circa tonnellate 3,000 di detta 
calce del Teil e che y risultati ottenuti riescirono Hempre pienamente 
Boddiafacenti. 
^H Tanto attesta il sotto acritio per la pura rerita. 
^H II Maggiore Generala Birettore, 

I 



I BrEziA, 



1 FcbhraJQ, 1867. 



' Nei lavo 



2. Servizio del Genio MilUare. 

Absenale Militake MiBnTmo di SrEzzn, 
■i di costruzione di questo arsenale militare Marittimo di 
Bpezia si consumaioio nello spazio di un' anno 4,000 Tonnellate di 
calce idraulica del Teil (Ardeche) proveniente dalla fabrica dei 
Signori Pavin de Lafarge et Couturier, Soullier & Co., la quale 
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deide ottimi risultati in ogni genere di costruzione sia quando 

venne impiegata nella formazione all' as ciutto dei muri dell Dar- 

sene in cui dopo pochi giomi venne introdotto 1 'acqua nel qual 

lavoro si pote osservare prima una repentina presa si detta calci 

fuori acqua e poscia una resistenza assoluta al constatto delle acqua, 

sia quando fu adoperata per la formazione di calcestruzzo versato 

nel mare e di massi artificiali eseguiti fuori acqua nei quali si 

verifico dopo poco tempo un solido indurimento resistente a forti 

pressioni senza cedimento o sgranamento. 

Percio questa Direzione del Genio Militare si crede in obligo di 

manifestare a codesti Signori Proweditori la sua plena soddis- 

fazione sulla buena qualita ed ottini risultati dati dalla sopradetta 

calce e sul perfetto confezionamento in cui essa arrivo finora in 

questo porto. 

II Maggiore Qene'rale Direttore, 

(Signed) Chiodo. 

Spezzia, 2 Api'ile, 1867. 

City of Tunis. (Meditereanean Sea.) 

Praises be to the One God. 

The general of brigade, Mohammed, chief of the municipality of 
Tunis, who has afl&xed his seal to the foot of these presents, certi- 
fies at the request of MM. Pavin de Lafarge, manu^turers of 
hydraulic lime, to having had extracted from cisterns constructed 
in 1863, with the hydraulic lime of this manufacture, a block of 
concrete, which bears as a stamp the seal of the Consulate General 
of France at Tunis. 

He declares, moreover, that the composition of this concrete is 
350 kilogrammes of hydraulic lime to each cubic metre of sand. 
Written the 13th of Choual, 1283. 

The Chief of the Municipality of Tunis, 

(Signed) Kava Mohammed. 

17^A February, 1867. 
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City of Odessa. (Black Sea, Et'ssii.) 

The Paving ComraitteG of the City of Jesf a has given this cer- 
tificate to MM. Pavin de Lafarge, manufacturers of hydraulic lime in 
the village of Teil (France), and furnishers of this lime for the gran- 
ite pavement of Odessa, to certify that the sftrnple of pavemeat de- 
livered lo tliem. was taken out on the Sth inst. from the pavement 
of the military causeway, put down in l^-GS. The model is one 
archine in length, and over one-half an archine in breadth ; it con- 
sists of ten stones each of seven inches, and is sealed at the four 
comers with the seal of the President of the Committee. The pres- 
ent certificate is certified lo by the signature of the President of 
the Committee, the counter signature of the Secretary, and stamped 
with the some seal as the pavement model. 

^^^ The President of the Committee, Actually Councillor of State, 

^^B (Signed) AxoaiEssKi. 

^^1 The Secretary, 

^H (Signed) Fialkovski [l. s]. 

H Odessa, 2Zd Feb., 1867. 

Bptoi 

w ^ 

of the Coustantine Division, declare that we have employed the hy- 
draulic lime of Teil, from the kilns of MM. Pavin <Ie Lafarge for a 
great numher of various tinda of works, in fresh water aa well as 
in the sea, on the shores of the Mediterranean, and that we have 
observed in this lime all the qualities of an eminently hydraulic 
lime of the first order. Not only have the mortars made with this 
lime acciuired in a short time a very great hardness, but they do 
not appear to be susceptible to decomposition by the sea-water of 
the Mediterranean. Employed in air, Teil mortars are susceptible 
of forming masonry of much greater strength than common mason- 
ry, and we have observed that in the bridge of EI-Kantara during 
the trial loads made in 1864, the piers of this bridge, built of 
limestone and Teil lime, supported during 48 hours without dam- 
e a pressure of 18 kilogrammes per square centimetre. 



^orinee of Constantine. (Algeria.) 
We, the undersigned, Ingenieur en Chef dea Ponta e t Chausse'es, 
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We would add that during great beats, many limea are of d 
cult UBB, and tho mortars made with them are subject to rapid i 
teration. Now we have obeerved that the maBonry of the . 
Kantara Bridge acquired in a short time very great solid^ 
although during the execution of the works the solar heat 1 
frequently aa high as 50 to 57° C. 

(Signed) 1)b LANNor^l 

CoNSTAKTiNE, 27(/i April, 1866. 

€aiial of Forcz. {Feahce, Dept, of thb Loiee,) 

The undersigned, Ingenieui Ordinaire dea Ponta et Chausa 
certifies that MM. Couturier, Boullier & Co., manufacturers of li 
of Teil (Ardcche), have furnished in 1866 two thousand and e 
three tons (2,063 tons) of screened lime fur the first diyifiion I 
the Torca Canal, and that from, the experiments daily made in lil 
workshops the Toil lime of the above named manufacturers is J 
eminently hydraulic as that of the Lafarge Worka, which ■ 
used at the aame time in the same worka. 

(Signed) Feijestein, j 

St. EriEtfNE, 30rA March, 1867. 

Mont Cenis Tunnel. 

The undersigned, Engineer of Bridges and Highways, atti 
to the Construction of Eailroads of the Paris-Lyons -Uediterr 
Co., certifies having made frequent use of Teil hydraulic lime {M 
deche) in the works under his direction, and having always % 
tained exceUent results, as well in works under water as i 
Bels and other vrorks. 

In the St, Michel Section, especially in the Mont Cenia Tm 
(13 miles), this lime was used to the extoQt of upwards of 5,H 
tons, notwithstanding the distance from the kilna, and the incre 
of coat due to transportation. It rendered services which t 
highly appreciated in all works which required exceptional hydra 
lie qualities. 

The Engineer of the P. L. M. E. E. Co., 

(Signed) E. MoarsJ 

Chambert, 9th Nov,, 1872. 
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P Sail roads. 

1, Lyons <£ MecUteri-aneaii Eailrond. 

I certify tliat I have frequently used einoe a long time the hy- 
draulic lime of Teil in the worka of all kinds which I have had 
executed in the aoutli of France, and always with uuiforra succeaa. 
The activity of theae limoa, their homogeneity, and the uniform- 
I i^ of the results which they, give, are admitted without question 
by all the engineers of the South. 

The use of the methods of crushing and screening, first put in 
) practice by M. de Villeneuve, add still more to its qualities, and 
f contribute in placing to-day the lime of Teil at the head of all the 
\ hydraulic limes of France. 

The Ingenieur-en-Chef des Fonts et Chaussees, Director of 
the Paris- Mediterranean E. E. Co., 

(Signed) PAcitN Talabot. 

Pakis, IWl March, 1855. 

2. Southern Railroad. ' 

The undersigned, Engineer of the Southern EaOioad Co., certi- 
fies that the contractors of the Bridges of Pinsaguel, on the Ga- 
te river, and of Saverdun, on the Ariege river (8t. Simon & 
t Foix EaUroad), as well as of the Castelnaudary Tunnel {Caatel- 
i naudary & Caatres Eaiboad), have employed in the construction of 
Tge portion of these works, the Teil hydraulic lime, derived 
from the establishment of MM, Couturier. 

He certifies moreover that the use of this hme has given excel- 
lent results. 

(Signed) Goillaume. 

Castees, 28tk July, 1864. 

Countereigned. 

The Chief Engineer of the Castres Division, 

(Signed) A. Albt. 

CiSTEES, 17(/i Oct., 1864. 
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3* PanS'Lyona^MedUerranean Railroad. 

The undersigned, Chief Engineer of the Paris-Lyons-Mediter- 
ranean B. B. Co., at MarseUles, certifes that since the 27th Feb., 
1855, at which time he gave a certificate stating the good results 
obtained by him in the use of the hydraulic limes of the establish- 
ment of MM. L. and E. Pavin de Lafarge at Teil ( Ard^che), he has 
constantly used the lime of MM. de Lafarge, in the works of the 
Paris-Lyons-Mediterranean B.B. Co., as well as in the construc- 
tions of the Marseilles Docks and Warehouse Co., for the parts of 
said works most subjected to humidity or strains, and that he has 
never ceased to obtain perfectly satisfactory results. 

(Signed) J. Desplaces. 

Maeseilles, 1th March^ 1867. 



J. 



A 



[13 ESQ 



THE NEW YORK 

PUBLIC LIBRARY 




i 



\ 



t 



TH.:;: :.'../.' YORK; 







BET ON 










'i 






A* r.-. 



■' ^'^■'^■'v'c:rrj;i 



,■■' ■ M^ A' YORK 

I'oJLIC LIBRARY 




i 



Tire NEW YORK 

PU3LIC LIBRARY 



ASTOR, LENOX AH* 
TILOEN FOuN'JAribNt. 



,-«. . ff^ 



J* 



^ 



i; 



X^ 



Flan 



1.00 



S(r((on 



•f 



i 



CO 



ry:) 



r.Ofi 






j^^ 



^ 






' 


^ 




• 


a; 




1 


►-1 




1 


♦•' 


» 




g 


»s 


' 




■*1« 


« 


c<* 


<o. 


1 


O 
+- 


ir 


1 


o 
« 

1 

CO 



Ela'ation 



i 

or 



I'.OQ 




• - • . 

1 •■ M - 



1 ■'. U 'i- . 



,• 



f '^:- .v> =fv *.., . , , ,, 



• 




Mgaepa 


Plan, 


■■■tT* 






1 

« 


81- 
8 


L'f.A. 

8 ! 
i 8 


— U- 

1 

8 


8 ^ 
8 


1 


^ 


8 




8 r 


8 








c — 


-t- 


re- 




"8 ■■' 




C 


8 
8 


8 


C 2 

i 8 
i 


8 
8 


8 











; (/ 




8 




• 







8 : 


8 










8 






8 





i 
i 



Ulevat-ion 



O 







erf 

O 
O 



CJ.56 



_. -v 



Section 





I 

i 



Sectioiv 



o 




'<s 






o 

CO 



EUvaUoTb 




% 



ii 



PUBLIC U:--aAU' j 






SI— 4L 

V ■ ■ 



'"^^^a ' 





wnw 




ii>i& EUvaMson, 



— — 

THE NL:\V x '.\K I 

PUBLIC Lij:;A;.\ ■ 



ASTOP., {.F.\r\ AND 



H. CSAMPUT & GILLET, 




iMPOiiTEna OP 



rench Bessemer Steel Rails, 



OLD AND NEW IRON RAILS. 



SOLE AGENTS ASD SEPEESEHTATIYES III BOBTH AMERICA 



MM. L. & E. PAYIS: DE -MJAKGE 
AND MM. SOULIER & BRUNOT, 

THE OSLY PBOPEIETOHS OF THE 

HYDRAULIC LIME OF TEIL, 

e 3srji.ssA.xr street. 



NEW YORK. 



i=LE:F>oi=La? 



ON 



BfiTON-COIGNET, 



ITS FABRICATION AND USES : 



CONSTRUCTION 



OF 



Sewers, Water-Pipes, Tanks, Foundations, Walls, Arches, 

Buildings, Floors, Terraces, Marine 

Experiments, etc. 



Br 
LEONARD F. BECKW^ITH, 

CIVIL ENGINEER. 



1 Vol., 8v0f Cloth, - - - . . $2*00 



D. VAN NOSTRAND, PabUsher, 

23 Murray and 27 Warren Street. 



♦ « 



#*^Copie8 Bent free by mail on receipt of price. 



r^ 



SCIENTIFIC BOOKS 



PUBLISHED BY 



D. Van Nosteand, 

23 Murray Street & 27 Warren Street, 



NEW YORK. 



■Weisbach's Mechamcs. 



I 

iy'civ and Revised Edition. 
8-vo. Clotli. tlO-00. 
X MANUAL OF THE MECHANICS OF ENGINEEEING, 

I' and of the Couetruction of Macliine-s. By Julius Wbisbacii, Ph. 

U. Translated from the fourtli augmented and improved Ger- 
man edition, by Euxlrv B. Coxe, A.M., Mining Engineer. VoL 
H I. — ^Theoreticai Meclianica. 1,11>0 pages, and 902 ivood-cut 
^P illustrations. 

^P Abhtkac-t ov Contents. — In trod nation to Itis Calculiu^-The GeBsral 
Prinoiples of MeolmnicH — PlioroiiDniioB, or the Purely Mathematical Theory 
of Motion — Menhimies, or the General Phy Bieal Theory of Motion — Statics of 
Rigid Bidies — The Application, of Statics to Elaaticity and Strength — Dynam. 
ios of Bi^d Bodies — Statics of Fluids —Dynamio^ of Fluids — The Theory 
of Oireillation, etc. 

" The present edition ia an antirely new work, greatly intended and very 
mutsh improved. It fonos a text-book which must find its way into tlie hands, 
not only of every student, hut of every engineer who desires to refresh his mem- 
ory or aixjuire clear ideas on doubtful points.'' — Manvfacturer and BuHdrr. 

" We hope the day ia not far distant when a thorough ooutBe of study and 
ednoatiou as such sliall be demanded of tho practising engineer, and with this 
view we are glad to welcome this translation to our tongue and shores of one 
of the moat able of tho educators of Europe." — Tke TeehTiolOffist, 
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Francis' Lowell Hydraulics. 

Tfilrd Kilition. 

4t<>. Cloth. $15.00. 

LOWELL HYDEAULIC EXPERIMENTS — being a Selec- 
tion from Experiments on Hydraulic Motors, on the Flow of 
Water over Weirs, and in Open Canals of Uniform Rectangular 
Section, made at Lowell, Mass. By J. B. Francis, Civil Engineer. 
Third edition, revised and enlarged, including many New Ex- 
periments on Gauging Water in Open Canals, and on the Flow 
through Submerged Orifices and Diverging Tubes. With 23 
copperplates, beautifully engraved, and about 100 new pages of 
text. 

The work is divided into parts. Part I., on hydraulic motors, includes 
ninety-two experiments on an improved Foumeyron Turbine "Water- Wheel, 
of about two hundred horse-power, with rules and tables for the construction 
of similar motors ; thirteen experiments on a model of a centre-vent water- 
wheel of the most simple design, and thirty-nine experiments on a centre-vent 
water-wheel of about two hundred and thirty horse-power. 

Part II. includes seventy-four experiments made for the purpose of deter- 
mining the form of the formula for computing the flow of water over weirs; 
nine experiments on the effect of baxjk- water on the flow over weirs; eighty- 
eight experiments made for the purpose of determining the formula for com- 
puting the flow over weirs of regular or standard forms, with several tables 
of comparisons of the new formula with the results obtained by former experi- 
menters; five experiments on the flow over a dam in which the crest was of the 
same form as that built by the Essex Company across the Merrimack River at 
Lawrence, Massachusetts ; twenty-one experiments on the effect of observing 
the depths of water on a weir at different distances from the weir ; an exten-> 
sive series of experiments made for the purpose of determining rules for 
gauging streams of- water in open canals, with tables for facilitating the same; 
and one hundred and one experiments on the discharge of water through sub- 
merged orifices and diverging tubes, the whole being fully illustrated by 
twenty-three double plates engraved on copper. 

In 1855 the proprietors of the Locks and Ciinals on Merrimack River con- 
sented to the publication of the first edition of this work, which contained a 
selection of the most important hydraulic experiments made at Lowell up to 
that time. In this edition the principal hydraulic experiments made there, 
subsequent to 1855, have been added, including the important series above 
mentioned, for determining rules for the gauging the flow of water in open 
canals, and the interesting series on the flow through a submerged Venturi^s 
tube, in which a larger flow was obtained than any we find recorded. 
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Francis on Cast-iron Pillars. 

Svo. Cloth. 113.00. 
ON THE STRENGTH OF CAST-IRON PILLARS, with Tables 
for the use of Engineera, Architects, and Builders. By J.iMES B. 
FaAKCis, CivQ Engineer. 



Merrill's Iron Truss Bridges. 

Second Edition. 

4to. Cleth. *5.00. 
IRON TRUSS BRIDGES FOR RAILROADS. The Method of 
Calculating Straina in Trusses, iWth a careful comparison of the 
most prominent Trusses, in reference to economy in combination, 
etc., etc. By Brevet Colonel "Willum E. Mbbsill, U.S.A., 
Major Corps of Engineers. Nine lithographed plates of ilhistra- 

" The work before U3 in an attempt to give a basis fuc aouiii reform in tliia 
foaturo of railroud cnginoering-, by tlirowing ' additional light upon tlie 
raathod of coloalating the maxima Btraina tliat can come upon any part of a. 
bridge trtus, and upon the maimer of pro portioning each pajrt, bo that it shall 
be as atrong relatively to ita own straina aa any other part, and so that the 
entire brid)^ may be strong enong-h to sustain suveral times aa gresit itraiiis 
as the greatest that can como upon it in actual uto.' " — SeieiUific American. 

" The author has presontud his Tiew9 in u ole^ir and intelligent manner, and 
the ingenuity displayed in coloring the iigures so as to proscnt certain facts 
to the aye forma no inappreciaMe part of the merits uf the work. The reduc- 
tion of the ' formulae for obtaining the strength, volume, and weight of a cast- 
iron pillar under a strain of compression,' will be very aecoptuble to those who 
have occasion hereafter to make investigations involving these eonditions. As 
a whole, the work has been well done," — Jtailroad OasetU, Chicago. 

number's Strains in G-irders. 

ISmn, Clotli. $2.50, 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 
IN GIRDERS and Similar Structures, aad their Strength, con- 
sisting of Fonaulco and Corresponding Diagrams, with nuraoroua 
details for practical applioation. By WiLi-iAir Humbek. Fully 
illustrated. 
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Shreve on Bridges and Roofs. 



8vo, 87 wood-ji 



, Cloti. #5.00. 



A TREATISE ON THR STRENGTH: OF BRIDGES AND 

ROOFS — compiTsing tlie determination of Algebraic formulaa 
for Strains in Horizontal, Inclined or Rafter, Triangular, Bow- 
string, Lenticular and other Trusses, froni fixed and nioving 
loftds, with practical applications and examples, for the use of 
Students and Engineers. By S.vmuel H. Shrkve, A.M., Civil 
Engineer. Nearli/ retuly. 

The rules fur the detenniiiatiDii □( struins given in this wort, in tliG shape 
of formulas, are dedaoed from a few well-knowii mBohanicoi laws, and are not 
baaed upon assmiied conilitions; the proeosacs ara given and appllcationa 
made of the reeutta, so that it is equally valuable as a teit-boolc fur the 
Student and as a manual for the Pmctical Engiueer. Amoug the examples 
OFe the Greithausen Bridge, the Kuilembergf Bridge, a bridge of the SaltAsli 
type, and many other oompound trusses, whose Htrains aro ealcnlated by 
meChods which are not only free from the use of the higher mathematics, ^ut 
are aa simpla and accurate, and as readily applied, aa thoao which arc used in 
proportioning a Warren Girder or other eiaiple truss. 



The Kansas City Bridge. 

4to. Cloth. $e.03 
WITH AN ACCOTINT OF THE REGIMEN OF THE MIS- 
SOURI RIVER, and a description of the Methods used for 
Founding in that River. By 0, Cn.iNUTE, Chief Engineer, and 
Geobqb MoBiaoN, Assistant Engineer. Illustrated with five 
lithographic views and twelve plates of plans. 



Illustri.ition.1. 



ViKWS.— View of the Kansaa City 
Bridge, August 2, 1869. Lowerinfj 
Caisson No. 1 into position. Caisson 
for Pier No. 4 brought into position. 
View of Foundation Works, Pier No. 
t Pier No. 1. 

FI.ATBB. — L Hap showing location 
of Bridge. II. Water Record— Croas 
Section of River — Profile of Crossing 
—Pontoon Protection. HI, Water 
Deadenor — Caisson No. 3 — Founda 



tion Worts, Pier No. 3. IV. Founda- 
tion Works, Pier No. 4. V. Found*- 
tion Works, Pier No. i VI. Caisaon 
No. 5— Sheet Piling at Pier No. B— 
Details of Dredges— Pile Shoe— Beton 
Boi. VII. Maaonrj-— Draw Protec- 
tion—False Works between Piers 3 
and 4. VIIL Floating Derricks. 
IS. General Elevation— !7fl feet span. 
X. 248 feet span. XL Plans of Draw. 
XII. Strain Diagraras. 
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Clarke's Quinoy Bridge. 

4to. COotli. (7.50. 

DESCEIPTION OF THE IKON RAILWAY Bridge across the 
Mississippi River at Quincy, Illinoia. By Thomas Oitbtis CLiSKE, 
Cliief Engineer. Illustrated with twenty-oni 



Pr,\TBa.— General Plan of MiasiB- 
Bippi River at ftuincy, showing' loca- 
tion of Bridge. 11(1. General Ssotiona 
of Mieaisaippl River at Quincj, show- 
ing looation of Bridge. 116. General 
Seotionfi of Mississippi Kiver at Quin- 
cy, showing' location of Bridge. III. 
General Sections of Missiasippi River 
at Quincy, showing looation of Bridge. 
IV. Plana of Masonry. V. Diagram 
of Spans, showing the DimensionB, 
ArrangBHieiit of Panels, eto. VI. Two 
tnndred and fifty feet span, and do- 
tails. VIL Three hundred and sixty 
feet Pivot Draw. VIIL Dutaila of 
three hundred and sixty feet Draw. 
IS. Ice-Breakers, Foundations of Piers 
and Abutments, Water Table, and 



Curve of Deflections. X. Founda- 
tions of Pier 2, in Process of Con- 
struction. XL Foundations of Pier 
3, and its ProteotLon. XIL Founda- 
tions of Pier 3, in Process of Construc- 
tion, and Steam Dredge. Xm. Foon- 
dfttiona of Piera 5 to 18, in Procesa 
of Construction. XIV. False "Works, 
showing Froocss of Handling and Set- 
ting Stone, XV. False Workfl for 
Raising Iron Work of Superstructure. 
XVI. Steam Dredge uaed in Founda- 
tions l> to 18. XVH. Single Bucket 
Drodga used in Foundations of Bay 
Piers. XVIU. Saws used for Cut- 
ting Piles usder water. XIX. Sand 
Pump and Concrete Boi. XX Ma- 
sonry Travelling Crane. 



"Whipple on Bridge Building. 

Svo, lllustratwL Cloth. f4.(tn. 

AN EIJ^MENTAIIY AND PRACTICAL TREATISE ON 
BRIDGE BUILDING. Au enlarged and improved edition of 
the Aiitlior'a original work. By ^. Whipple, C. E., Inventor of 
the Whipple Bridges, &o. 

The design has boen to develop from Fundamental. Priniiiplos a system easy 
of comprehenaion, and sueh as to enable the attentive reader and student to 
jui^(e understandingly for himself, as to the relative merits of different plans 
and combinations, and \fi adopt for use sueh as may be moat suitable far the 
cases he may have ij> deal witli. 

It ia hoped the work may prove au appropriate Text-Book upon the subject 
treated of, for the Engineering Student, and a useful manual for the Practic- 
ing Engineer and Bridge Builder. 
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Stoney on Strains. 

Netv ami Reviscfl Edition, with numerous iiluatratlona. 

8vo. In presfl. $15.00. 

THE THEORY OF STRAINS IN GIRDERS and Similar Struc- I 
tures, with. Observfttioaa on the Applicatioa of Theory to Practice, I 
and Tables of Strength and other Properties of Materials. By I 
EiNDEN B. Stoskt, B. a. 

Roebling's Bridges. 

Imperial fulio. Cloth. $35.00. 

LONG AND SHORT SPAN RAILWAY BRIDGES. By Johw J 

A. RoEituiro, C. E. Illustrated with large copperplate engrav- S 
ings of plana and views. 

List of Plates 

1, PiiraboUu Tniaa Eoilwaj Bridge. 3, 3, i, 5, 6. Details of Parabolia I 
Truss, with centre span 500 feet iu the clear. 7. Plan aad View of a Bridge 
over the Mioaiesippi Kiror, at St. Louis, for railiray and common travel. 8, 9, 1 
10, 11, 13. Details and View of St. Louis Bridge. 13. Rjiilroad Bridge o 
the Ohio. 



Diedrichs' Theory of Strains. 

8vo. Cloth. $5.00. 

A Compendium for the Calculation and Construction of Bridges, 1 
Roofs, and Cranes, with the Application of Trigonometrical I 
Notes. Containing the most comprehensive information in 
gard to the Resulting Strains for a permanent — ( Load, as also I 
for a combined (Permanent and Rolling) Load. In two sections, 
adapted to the requirements of the present time. By Jons Died- | 
Kicns. Illustrated by numerous plates and diagrams. 

" The want of a compacti universal and popular treatise on the ConBtrno- ■ 
tion of Koofs and Bridges — especially one treating of tho influcnoe of a vaiia- 1 
ble load — and the unsatiB^tory essaya of different authors on the Buhjoot, i 
induoed roe tn prepare this work." 
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Whilden's Strength, of Materials. 

13mo. Cloth, J2.00. 
ON THE STEENQTH OF MATEEU.L3 uead in Engineering 
CouBtruction. By J. K. Whildeh. 



Campin on Iron Roofs. 

Large Svu. Cloth. $3.00. 

ON THE CONSTEUCTIOX OF lEON ROOFS, A Theoretical 
and Practical Treatise. By Feancis Cami'i.v. With wood-cuts 
and plates of Eoofs lately executed. 

" The mutlieiiiatical formulas are of an eienioutary kind, and the prooosa 
odmitH of an easy extenaion so as to embrace the prominent varieties of irou 
truss bridges. The treatise, though of a pntcticsJ scienttRc character, may be 
efuiily mastered by any one famihar with elementary roechanics and plana 
trigononiotry." 

HoUey's Railway Practice. 

1 vol- folio. Cloth. $13.00. 
AMERICAN AND EUROPEAN RAILWAY PRACTICE, in 

the Economical Generation of Steam, including the materials 
and oonatmctiott of Coal-burning Boilers, Combustion, the Varia- 
ble Blast, Vaporization, Circulation, Super-heating, Supplying 
and Heating Feed-water, &c., and the adaptation of AVood and 
Coke-burning Engines to Coal-buming ; and in Permanent Way, 
including Eoad-bed, Sleepers, Eails, Joint Faateaiugs, Street 
Railways, &q., &c. By Alesasdbr L. ItoLLBr, E. P. With 77 
lithographed plates. 

I of our ablest civil engineers, on the cun- 
1 a few ehaptera un the building of Rail- 
are treated by the anther, who is a 
I iutelligent and intelligible manner. The 
fauta and ideas are well arrai^ed, and presented in a clear and simple style, 
accompanied by hoantiful engravings, and we presume the work will be regard- 
ed as indispensable by all who are interSBted in a knowledge of the ct 
tion of railroads and rolling stock, or the working of loGomotiTos."- 



" This is an elaborate treatise by i 
Btruotion and use of locomotives, w 
roLds. » * • All those aubjoc 
first-class railroad engineer, in both 



Henrici's Skeleton Stmctures. 

8vo. ClotlL f3.00. 

SKELETON STEUCTITEES, especially in their Application to 

the building of Steel and Iron Bridgaa. By Ones Uksbici. 
With folding plates and diagrams. 

By presenting theao general ejcaminBtions on Skeleton Structures, with 
portjuular applioation for Su^peuded Bridges, to Eogineors, I rentura to ex- 
presa tlio hope that they will receive these theoretioal reaulta with aome confi- 
dence, even although an opportunity ia wanting t^i compare them with practi- 
cal reBults. O, H, 

Useful Information for Railway Men. 

Pockut form. Uoroaw. gilt, (2.00. 

Compiled by W. G. Hamilton, Engineer. Tliird edition, ri<vised 
and enlai^ed. 570 pages. 

" It embodieB many valuable ionnnlBB and recipes nsefnl for railway men, 
and, indeed, fur almost every claaa of persons in the world. The ■ infomui- 
tion ' comprises some valuable formulas and rules for the oonatruotion of 
boilera and engines, masonry, prtiperties of steel and iron, and the atren^l^ 
of materials generally." — BaUroad Giaeite, Chio-tgo. 



Brooklyn "Water "Works. 

1 vol. folio. Cloth. ¥30.00. 

A DESCEirTIVE ACCOUNT OF THE CONSTRUCTION OF 
THE WOEKS, and also lieports on the Brooklyn, Hartford, 
Belleville, and Cambridge Pumping Engines, Prepared and 
printed by order of the Board of "Water Commissioners. With 
59 iUustrations. 

CoNTE NTS.— Supply Ponds— The Conduit -Eidgawood Engine House and 
Pump Well — Ridgewood Engines — Force Mains — Ridgewood Heservoir — 
Pipe Distribution — Mount Prospect Reservoir— Mount Prospect Engine 
Houae and Engine — Drainage Grounds — Sewerage Works — Appendix. 
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Kirkwood on Filtration. 

4t.). Cloth. »15.00. 

EEPORT ON THE FILTRATION OF lilVEIi WATERS, for 
rtie Supply of Cities, as pmctised in Europe, made to the Hoard 
iif Watur Coniniiaaionera of the t'ity of St. Ixiuis. By J-vhes P. 
KiRKwonu. Illustrated by 30 double -jjlate engraviugs. 

CONTENTN. — Report on FiltTHtion— London Works, General— Chelseft 
Water "Worka and Pillen— Lttiulioth Water WorkB aud Filters— SontliwHrk 
and Vauxhall Water Works and Filters— Grand Jnnution Water Works and 
Filters— Went Middlesei Water Works and Filters— New River Water 
Works and Filters — East Londnti Water Works and Filters — Leicester Water 
Works aud Filters— York Water Works and Filters— LiTerpool Water Works 
and Filters— EdinburKh Wator Works ani! Filters- DubUn Water Works 
and Fillern- Perth Water Wcrlts and Filtering Gallery— Berlin Water 
Works and Filters — -Hiiinburjf Water Works and Reservoirs — Altona Water 
Works and Filters— Tours Water Works and Filtering Oanal- Angers Water 
Works and Filtering Galleries- Nantes Water Works and Filters— Lyons 
Water Works and Filtering GaUeries— Toulouse WaterWorks and Filtering 
Galleries- Marseilles Water Worka and Filters— Genoa, Water Works an.i 
Filtering Galleries— Leghorn Water Works and Oistema- Wakefield Water 
Works and Filters- Apiiendij. 



Tunner on Roll-Turning. 

I vol. Mvn. and 1 vol. plates. $10.00. 

A TREATISE <.1N ROLT-TIIRNINO FOR THE MANUFAC- 
TURE OF IRON. By Pctbh Tunheh. Translatfld and adapted. 
By JoHir B. Pb.\iisb, of tlie Penuaylvania Steel Works. With 
nnmerouH wood-cuts, Svo., tt^^ether ■witli a folio atlas of 10 litho- 
graph^ [ilates iif Rolls, MeasurGiuents, &•■■ 

■■ We eimimond tiiia book ae a clear, elaborate, and iirwitioal treatise upon 
the department of tnm manufaiitiiHng operationa to whioh it is devoted. 
The writer states in his preface, that for twenty-five years ho has felt the 
nooesaity of Bueh a work, and ha* evidently brought to its preparation the 
fruits of eiperienue, a painstaking regard for accuracy of statement, and a 
desire to furnish infomiation in a style readily understood. The book shoald 
he iu the hands of every one interested, either in the general practi™ of 
meolianieal engineering, or the spcciftl branch of nianiitaeturing operations to 
whinh the work relates.'— -IfjWT'iVii'ii Artisan, 
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G-lynn on the Power of Water. 

liti,,.. rinth. %\Xfi. 

A TREATISE ON THE POWER OF WATER, as applie 
drive Flour Milla, and to give motion to Turbines i 
Hydrostatic EngineB. By Jokeph Glysk, F.R, M. Third » 
reviged and enlarged, with numoroua illuHtrations. 



Hewson 'on Embankments. 

Svn. {.'lotii. $2.(m. 
PRINCIPLES AND PRACTICE OF EMHANKXNG ^.^.™^ 

from River I'lpods, aa applied to the Levees of the Mississippi. 
By WiLLUM Hewsos, Civil Engineer. 

■■ This ia a valimble treatiBe on the primiiplea aiiil practice of embanking 
lands from river floode, aa applied to the Leveea of tlm MiHsiBsippi, by a highly 
intelligent and expfiriencod engineer. The author Ba7H it is a first atteinpl 
to reduce to order and to rule the design, execution, and measurement at the 
Levees of the Mississippi. It is a most useful and needed contribution, to 
Bcientifio literature. — Pkiladelphiii Evening Joumid. 



i 



Ghniner on Steel. 

8vo. COoth. $3.50. 

THE MANUFACTURE OF STEEL. By M. L, Gedseii, trans- 
lated from the French. By I.*nox Smith, A. M., E. M., with an 
appendix on the Bessemer Process in the United States, by tha 
translator. Illustrated by lithographed drawings and wood-cuts. 

" The purpose ot tlie TFork ia to present a careful, elaborate, and at the 
Bnme time praotioal examination, into tha physical properties of steel, aa well 
as a description of the new procusscs and mechanical applinnoea for its manubo- 
ture. The information which it ooutains, gathered front many tmstworthy 
sources, will be found of much value to the American ateol inanu&cturer, 
who may thus acq^uainl himself with the results of careful and elaborate el- 
periments in other countries, and better prepare himselC for successful comt 
petitiou in this important industry with foreign makers. The fact that thi) 
volume is from the pen of one of the ablest metallurgists of the present day, 
cannot fail, wo think, to secure for it a favorablo considerition.— //-(in Age. 
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FBauerman on Iron. 
12n,o. Clutli. 1^2.00. 
TREATISE ON THE METALLURGY OF IRON. Contain- 
ing outlinea of the History of Iron Manufacture, laethodB of 
Essay, and analysia of Iron Ores, processes of nianufacture of 
Iron and Steel, etc., utc. By II. Bai;erm.\.n. Eirst American 
edition. Eevieed and enlarged, with. an. appendi-v on the Martin 
Process for making Steel, from the report of Abram 8. Hewitt. 
Uluatrated with numeroua wood engravings. 

'■ This is an importftut addition, to tho stock of techniwil works published iu 
thiH country. It embodies the latent foftA, diacoveries, and procBsaes con- 
neoted with the manufoctare of iron and steel, and should be in. the hands of 
erary person interested in the subject, a^ well ax in nil toebniont and seieotifio 
librarieB." — Srieatific Aiiierimn. 

W Auchincloss on the Slide Valve. 

Svo. Cloth. ?a.oo. 

APPLICATION OF THE SLIDE VALVE and Link Motion to 
Stationary, Portable, Locomotive and Marine Engines, with neir 
and fiiraple methods for proportioning the parts. ByWtit.iAM 
S. AccniKCLiiss, Civil and Mechanical Engineer. Designed aa 
a hand-book for Mechanical Engineers, Master Mechanics, 
Draughtsmen and Students of Steam Engineering. All dimen- 
sions of the valve are found with the greatest ease by means of 
a Printed Scale, and proportions of the link determined leithont 
the asaistanos of a model. Illuatratod by 37 wood-cuts and 21 
lithograpiiic plates, together with a copperplate engraving of the 
Travel Soole. 

All the miittumwo have meotioned are treated with a cleamess and absence 
a! muiecessaFy verbiaj^ which renders the work a peculiaily valuable oue. 
The Travel Scale Only requires to be known to be appreciated. Mr. A. writes 
BO ably ou bis subject, we wish he had written more. Loadon Eti- 
gineering. 

Wo have never opened a work relating io steam which seemed tu ua betfflc 
calculated to ^ve an intelligent mind a clear understanding of the de]>nrt- 
ment it discusses. — Scieniijie American. 



Slide Valve by Eccentrics, by Prof. 
C. "W< MacCord. 

4ta. niuBtrated. Clotli, f 
A TEACTICAJ. TREATISE ON THE SLIDE VALVE LY 
ECCENTRICS, examining by methods, the Bction of the Eccen- 
tric upon tiio Slide Valve, and explaining the practical proces- 
868 of laying out the movements, adapting the valve for its 
various duties in the steam-engine. For the use of Engineers, 
Draughtsmen, Machinists, and Students of valve motions in 
general. By C. W. MAcOonn, A. M,, Professor of Mechanital 
Drawing, Stevens' Institute of Technology, Ilobolien, N J. 



Stillman's Steam-Engine Indicator. 

12mo. Clotli. ll.OO. 

THE STEAM-ENGINE INDICATOE, and the Improved Mano- 
meter Steam and Vacuum Gauges ; their utility and application 
By Paul Stillm.in. New edition. 

Bacon's Steam-Engine Indicator. 

lamo. Cloth. Jl.OO, Mor. $1.50. 
A TEEjVTISE on the EICHAEDS STEAM-ENGINE IK; 
DICATOE, with directiona for ita use. By Chahles T. Pc 
Revised, with notes and large additions as developed by 
icau rractice, with an Appendix containing useful formulBB 
rules for Engineers, liy F. W. EicoN, M. E., Member of the 
American Society of Civil Engineers. Illustrated. 

In this work, Mr. Porter's book has been tuken an the bmiis, but 
has adapted it to Amerioan Practice, and bus conferred a greu 
American Engineera. — Artisan. 

Bartol on Marine Boilers. 

8vo. Cloth, f 1.50. 

TREATISE ON THE JIABINE BOILERS OF THE UNITEJ? 
STATES. By H. H. Baetol. lUustrated. 
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Grillmore's Limes and Cements. 

Fourth Edition., Jtevl»el and Enlargd. 

Svo. Qoth. J4.0n. 

.CTIOAI, TREATISE OX LIMES, HYDRAULIC CE- 
MENTS, AND MORTARS. I'apera on Practical Engineering, 
U. S. Engineer Department, No. !*, containing Reports of 
uumeroua experiments conducteil in New York City, during the 
8 to 1S6], inclusivB. By Q. A, Gij.lhobj^ Brig-General 
U. S. Voluntoers, and Major V. S. Corps of Engineers. "With 
a illustrationB. 



*' Thia work containB a record of ocrtftin eiporimettta and roHparclies made 

r the authority of tho Engineer Bureau o( the War Department from 

11, upon tho various hydranliu cemenla ot the Unitjid States, and 

b materials for their mtinufacturs. The cupeciBients were oaxeFolly made, 

^ are well reported and compiled, '—Jouvnal Franklin laiitituli. 



G-illmore's Goignet Beton. 



COIGNET BETON AND OTHER ARTIFICIAL STONE. By 
Q, A. QiLLMORE. i> Plates, A'iews, etc. 



This work describes with conaidenible miniitcnesa of detail tho seTeral kinds 
of artificial sbrae in most general uso in Europe and now beginning to be 
introduced in tho United StateEt, diecuases their properties, relative merits, 

and cost, and describes tho materials of which they ate composed 

The subject is one of special and growing interest, and we commend the work, 
embodying as it does the mutnred opinions of an oiperienoed engineer and 



Williamson's Practical Tables. 

JIto. Fluiible Cloth. f3.50. 

I'EACTICAL TABLES IN METEOROLOGY AND HYBSO- 
METRY, in connection with the use of the Barometer. By Col. 
R. 8. WiLLiAicaoM, U. 8. A. 
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"Williamson on the Barometer. 

4t.>. Clc.ih. fl5.(K 

ON THE rWE OF Tllli BAEOMETEll OX f^URVETS i 
EEC0NNA1S8ANCES, Part I. Meteorulogy in its Conne 
tion witli Hypeometry. I'art II. IJarometric llypeonietry. 1 
E. 8. WiLUiMMN-, Hvt, lieut.-Cijl. I", S. A., Major Corps 
Sugineere. With. Illustrative Tables aud Engravings. Paip 
No. 15, Profeasional Papers, Corps of Engineers. 

" Sas Francibco, Cai^, Feb. 27, 1907, 

'■ Gen. A. A, HUMI-HBETS, CUiet ot Engineeca, V. S, Army ; 

'■ Gbnebal, — I httTB the honor to aubmit to yon, in tlie following pages, I 
results of m; inveatigatioiia in meteorology and hypsometrj', made witli 1 
view of a«i:8rtaining bow far the barometer can be used as a reliable itub 
ment for deteruiiniiig altitudes ou exteiided linos of Burvny imd Toconiu 
aaaoes. These inveatigationa Iultg oocupicd tho leisure peruilttorl mc from i 
professional duties during' the last ten years, and I hope the results will 
deemed of suffl<:icnt raluo to ImTe a place asai)^ed them among; the p 
professional papers of the United States Corps of Engfineers. 
" Verj- rospoutfully, your obedient se 



" R. 8. WILLIAMSON, 

>T Ctirps of L". S. Enf^ini 



\ 



Von Cotta's Ore Deposits. 

Evo. Cloth. *4.00. 

TEEATISE ON OEE DEPOSITS. I!y Bbbbharb Y<.s Com 

Professor of Geology in the Eoyal School of Mines, Freiabl 

Saxony. Translated from t}ie second German edlticrf^ 

Fkedeoick Pbiue, Jr., Itlining Engineer, and revdaed 1 

author, with aumerous illustrations. 

" Prof. Ton Gotta, of the IFreibcrg School of Mines, is the author of i 

beat modem treatiso on ore deposits, and we uro heartily glad that this i 

mirable work has been tranalated and published in this country. The traj 

later, Mr. Frecleritk Prime, Jr., ft graduate of Freiberg, h^ had in liis ■wo 

the great advantiige of a revision by tlie author himself, who doclaras in 

preBiiory note that this may be considered as a new edition (the third) of] 

own book. 

" It is a timely anil weloome contribntion to the literature of laiuing 
this Goontry, and we are grateful to the translator for his enterpriae and ^ 
judgment in undertaking its preparation ; while we recognize with equal ^ 
dlatity the liberality of the author in ijonting both permisaion an ~ 
ance." — Exti-artfrmn Bevicw in Engineering andM'ming Journal. 
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Plattner's Blow-Pipe Analysis. 

Second edition. EoviBed. Svo. Cloth. $T.&n. 
PLATTNEE'S MANUAL OP QUALITATIVE AND QUAN- 
TITATIVE ANALYSIS WITH THE BLOW-PIPE. From 
tbe last German editioa Revised aad enlarged. By Prof. Tn. 
BiCHTEK, of the Eoya! Saxon Mining Academy. Translated by 
Prof. H. E. CoRSw.iLi., Aesietant ia the Columbia School of 
Mioea, New York ; assisted by John H. Caswell. Illustrated 
with eighty-seven wood-cuts and ono T-ithographic Plate. 560 



" Plnttner's celebrated work bus luDg been recognized oa the oulj complete 
book on Blow-Pipe Analysis. The fourtli German eilLtion, edited by Prof. 
Siohtcr, fully Hustiuna thu reputation which the earlier editions acquired diu- 
ing the lifetime of the author, and it is a notiroe of great aatia&ctjon to na to 
Imow Umt Prof Richter hus co-operated with the translator in iaauing tbe 
American edition of the wark, wliiuh is in fiMit a fifth edition of the origfinal 
worli, being far more complete than the lust German edition. "^SWljftan'd 

JoUTIIIll. 

There is nothing so complete to be found iu the English language. Platt- 
ner'H book ia not a laere pocket edition ; it is intended as a comprehensive guide 
to all that is at present known on the blow-pipe, and as such ia really indis- 
pensable to t«achers and advanced pnpils- 

" Sir. Cornwall's edition ia something more than a translation, as it contains 
many correctioBS, emendations and additions not to be found in the original. 
It is a decided improvement on the work in its German dress." — JoUTTtal of 
Applied Chemintii/. 



Egleston's Mineralogy. 

J*vo. Illustrated with 34 Lithographic PUtes. Cloth- $4.50. 

LECTURES ON DESCRIPTIVE MINERALOGY, Delivered 
at the School of Mines, Columbia College. Br Professor T. 
Eglestcis. 

These letturea are what their title indicates, the leotiirea on Mineralogy 
delivered at the School of Mines of Columbia College. They have been 
printed for the students, in order that mora time might ho given to the vari- 
ous methods of eiamining and determining miners. The second part has 
only been printed. The first part, comprising crystaJlography and physical 
jninsralogy, will be printed at some future time. 
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Pynchon's Chemical Physics. 

AV«' Kifitioii. lU-risvtl and Knlarffeil. 
Crown 8vo, ClotU. 13.00. 

INTEODUCTION TO CHEMICAL PIlYSICtf, iJesigneafbrtli.. 
Uae of Academies, Colleges, and High Schools. Illustrated wilU 
numeroua engravings, and containing copious experiments ■B'ith 
directions for preparing them. Hy Thoh.is Euooles Pynchou, 
M.A., Professor of Chemistry and the Natural Sciences, Trinity 
College, Hartford. 

Uitliertii. no work Buitabli> fur ((pnerol uge, treating of all these anbjecU 
within the limits of n nnj^lo volume, could be found ; conBeqnentlT' the attrn- 
tion they liave received haa not been at all proportionntfi to their importance, 
Tt is believed that n book ooutaiuing so mucli Tuluablo infonoSition within to 
small a compass, cannot tail to meet with a ready sale among all intelligent , 
persons, while Profeseiomil men, Phyaiciani, Medicul Students, Photograph- 
eTH, Telegraphers, Enffincers, and Artisans generally, will find it specially 
valuable, if not nearly indispensablp, as a book of reference. 

" We strongly recommend this able treatise to our reailera as the first 
work ever published on the subject free from perplexing technicalitieB. In 
style it is pure, in desuription graphic, aud its typograpbical appcuraace a 
artistic. It is altogetlier a. most excellent work." — Bcitctie Medit-al Jovmal, 

" It treats fully of Photography, Telegraphy, Steam Engines, and the 
various applications of Eleotrioity. In short, it is a carefully prepared 
volume, abreast with the latest scientific diBCovecieH and inventions.' — Mart- 
f<tTd Courant. 

Plympton's Blow-Pipe Analysis. 

ISmo. Cloth. $2.00. 

THE BLOW- PIPE ; A System of Instruction in its practical uae 
being a graduated course of Analysis for the use of studente, 
and all those engaged in the Examination of >[etalhc Combina- 
tions. Second edition, with an appendix and a copious index. 
By Geouoe AV. Pi-VMrTON, of the Polytechnic Institute, Bi'ooklyn. 

" This manual probably has no superior in the Engliith language as u text- 
book for beginners, or aa a guide to tlie student working without a teacher. 
To the latter many illustrations -of tho utenailij and apparatus re<iuired in 
using' the blow-pipe, as well as tbe fully illustrated description cf tho blow- 
pipe flame, will be especially sorvicBable."— AVw York Teacher. 
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Tire's Dictionary. 

Sixth Edition. 

Londou, 1S73. 

3 Tols. Syo. Cloth, f SS.OO. Half Ruasia, $37.50. 

DIOTIONAET OF ARTS, MANUrACTTJEES, AND MINES. 

By Andrew UaB, M.D. Sixtli edition. Edited by Hobbst Hpnt, 

F.E.S., greatly onlai^ed f.nd rewritten. 



Brande and Cox's Dictionary, 

Xew Kditioii. 

London, 1S72. 

3 vols, 8vo. Clutli, $30.00. Half Moroccu, $37.50. 

A Uietioiiary of Science, Literature, and Art. Edited by W. T. 

Bb-ikbk and Eev, Gk". W- Coi. New and enlarged edition. 



Watt's 


Dictionary of 


Chemistry. 




Siiitptementaij/ I'oliniu: 






Svo, C;ioth. $B.OO. 






This Yolume liringH the Record of Cliomical Di 
the year 18fl9, inclndin? also aavocal additiona to, 
results which hare appeared in 1870 and 18T] . 

•.* Complete Sets of the Work, New and RotI. 


Eovery down 
io(l edition, ino 


o the end of 



Rammelsberg's Chemical Analysis. 

Pvu. Cloth. $2.ar.. 
GUIDE TO A COUliSE OF QUANTITATIVE CHEMICAL 
ANALYSIS, ESPECIALLY OF MINERALS AND FUR- 
NACE PRODUCTS. lUuatrated by Examples. Ry C. F. 
ItiuxEtsBBRG. Translated by J. Towi.br, M.D. 

This work has been tFanslated, and is now published expressly for tbosa 
students in chemistry whose time and otLui studies in colleges do not permit 
them ia ent? r upon the more elahorLLto and oipcnHiro treatises of Prosenius 
and others. It 19 the condensed labor of a master in chemiatry and of a pniu- 
tical analyst. 




Eliot and Storer's Qualitative 
Chemical Analysis. 



12iDO. Illiiatnitud. Cloth. Jl.SO. 

A COMrENDIOUa MANUAL OF aUALITATIVE CHEiQ- 
CAL ANALYSIS. ](y CH.vEi.ta W. Eliot and Frank H. Stoseii. 
Eovised with the Cuoperadoa of the Authors, hy William Eii- 
i.Kr Nichols, Profeasov of Chemistry in the Massachusetts Insti- 
tute of Technology. 

" This Manual has greiit nicritH ua a priLCtieol introductiun to tlie science 
ouil the art of which it treats. It cuntaiuti enough of the theory and practice 
of qaalitative ttnalysia, " in the wet way,"' to bring- out ali the renaoninjf in- 
volved in the science, and to present clearly to the student the most approved 
methods of the art. It ia specially adapted for eicrciacB and experiments in 
the laboratory ; and yet its classificationB and manner of treatment are bo 
systematic and lo^cal tliroughout, as to adapt it in a high degree ta that 
higher class of students generally who desire an accurate knowledge of the 
practical methods of an-iving at aoientUic facts." — Lulheran Obterter. 

" We wish every academical uIusb in the land could have the benefit of tiie 
fifty exorcises of two hours each necessary to master this book. Chemistry 
would cease to be a mere matter of memory, and become a pleasant experi- 
mental and intellectual recreation. We heartily commend this little volume 
to the notieo of those teachers who believe in using- the sciences as moans of 
mental disoiplioB." — College Couraiil. 



Craig's Decimal System. 



"WEIGHTS AND MEASUEE8. An Account of the Decimal 
System, with Tables of Conversion fur Commercial and Scientific 
Uses, liy B. F. CiiAKi, M. D. 

" The most lucid, accurate, and useful of all the hand-books on tins subject 
that we have yet seen. It givca forty-seven tables of comparison between tho 
English and French denominations of length, area, capacity, weight, and the 
Centigrade and Fahrenheit thermometers, with clear instructions how to use 
them ; and to this practical portion, which helps to make the transition sa 
easy as possible, is prefixed a scientific Explanation of the errors in the metriu 
system, and how they may bo correoted in tho laboratory." — Nation. 
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Nugent on Optics. 

lamo. Cloth. %^m 

TREATISE ON OPTICS ; or, Light and Sight, theoretically and 
prtictically treated ; with the application to Fine Art and Indus- 
trial Pursuits. By E. Nusent. AVith one hundred and three 
illustrations , 

" This book is of a priujtiual rather thau a theoretical kind, and ia de- 
\ signed to afford accurate and complete information to all interested in appli- 
I cations of tlia aoience." — Boiinrf Tbife. 



Barnard's Metric System. 

Sto. Brown cloth. $3.0(1. 

THE METRIC SYSTEM OF WEIGHTS AND MEASURES. 
An Address dehvered before the Convocation of the Unireraity of 
the State of New Torlt, a|; Albany, August, 1871. By Frederick 
A. P. B.iRSiJiD, President of Columbia College, New York City. 
Second edition from the Eeviaed edition printed for the Trustees 
of Columbia CoUege. Tinted paper. 

" It is the beBt summary of the arguments in favor of the metric woighta 
and measnres with which we are acquainted, not only becBnae it contains in 
small space the leading facU of the case, hut bscauan it puts the advocacy of 
that system on the only tenable grounds, namely, the great convenience of a 
decimal notation of weight and measure as well as money, the value of inter- 
national uniformity in the matter, and the fact that this metric system Is 
adopted and in general use by the majority of civilized nations." — Tlie Nation. 



The Young Mechanic. , 

Ilhiatnitcd. 1^'iik.. Cloth. $1.7.1. 

THE YOUNG MECHANIC. Coiifaiiiing directions for the use 
of all kinds of tools, and for the construction of steam engines 
and mechanical models, including the Art of Turning in Wood 
and Metal. By the author of "The Latho and its Uses," etc 
From the English edition, with correction.^. 
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Harrison's Mechanic's Tool-Book. 

12m". Cloth. |1.50. 

MECHANIC'S TOOL BOOK, with practical rules aud eiiggeetioru 

for the use of Machiniets, Iron Workers, aud others. By W. ', 

H\SRiHON, Associate Editor of the " Americaa Artisaa." Illuetr 

ted with 44 engravings. 

" This work le Hpocially adaptoci to meet tlie wants of MaohiniatB and n 
era in iron generally. It in made up of the vork-day experience of an mt«IB 
gent and ingenious mecliajiii;, "who hod the &£ultj of adapting tools to Tanoai^ 
jmrpoBes. The practicability of hia plans and su^fgestlona are made apparend 
even to the nnpraotiscd eye by a series of well-eiecntod wood engravings. "- 
FhiiadrVphia Ingiurer. 

Pope's Modern Practice of the Elec-| 
trie Telegraph. 

Seventh edition. 8vq. Cloth |13.(M). 

A Hand-book for Electricians and Operators. By Fii:iNK L. PorB.i| 

Seventh edition. Bevieed and enlarged, and fully illustrated. 

K'Xtract from Letter of Prnf. MoT»f. 
" I have bad time only cursorily to eiamino its contents, but this exam 
tion has resulted in great gratification, especially at the faimBBS and un 
j udio«d tone of your whole work. 

" Tour iEustrated diagrams are admirable and beautifully eiecnted. 
" I think all your instructions in the use of the telngraph apparatus jut 
cious and correct, and I most cordially wish you success." 
Eltract from Letter of Prof. O. W. Hough, of the Dudtey Obmvvatory. 
" There is no other work of this kind in the English language that o 
tains in so small a compass so much practical infomiation in the applioatioafl 
of galvanio electricity to telegraphy. It should bo in the hands of every oi 
interested in telegraphy, or the use of Batteries for other purposes." 
• .. . 

Morse's Telegraphic Apparatus. 

Illustrated. 8to. Cloth. $3.00, 
EXAMINATION OF THE TELEGRAPHIC APPARATUS^ 
AND THE PEOCESSES IN TELEGAPHY. By 8.i,MrrEL F.l 
B. Morse, LL.D., Uiiil«d States Commissioner Paris UaiversalB 
Exposition, 1867. 
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Sabine's History of the Telegrapli. 

13rao. Cloth, ltt.35. 
HISIOEY AND PROGRESS OF THE ELECTRIC TELE- 
GRAPH, with liescriptions of some of the Apparatus. By 
RoBEiiT SiBiNE, C, E. Second edition, with additions. 

Contents.— I. Early Observationa of Elentrical PhenomeiuL II. Tele- 
graphs by Friotional Electricity. III. TelegraphB by Voltaic Electricity. 
IV. TelegraphB by Electro-Magnetisni and Magneto-Eleutrielty. V. Tele- 
gmphB now in use. VI. OverliBad Lines, VII. Submarine Telegraph Linea. 
Vm. Unilerground Telegraphs. IX. Atmospheric Eleotrioity. 



ShafFner's Telegraph Manual. 

8v.i. Cloth. %liJM. 

A COMPLETE HISTORY AXU DESCRIPTION OF THE 
SEMAPHORIC, ELECTRIC, AND MAGNETIC TELE- 
GRAPHS OF EUROPE, ASIA, AFRICA, AND AMERICA, 

with 62r> illustrations. By T.ir,. P. SHAyivKii, of Kentucky. 
New edition. 

Culley's Hand-Book of Telegraphy. 

8m Cloth. $5.00. 
A HAND-BOOK OF PRACTICAL TELEGRAPHY. By R. S. 

CuiiET, Engineer to the Electric and Inl«ma.tioual Telegraph 
Company. Fourth edition, revised and enlai^ed. 



Foster's Submarine Blasting. 

4to. ciotii. $.s.r>o. 

SUBMARINE BLASTING in Boston Harbor, Massachusetts- 
Removal of Tower and Corwin Rooks. By Jons G, Fohteb, 
Lieutenant- Colonel of Engineers, and Brevet Major- General, U. 
S. Army. lUustrated with seven plates. 
List ov Pi,.\.TF,a. — 1, Sketch of the Namiwa, Boston Harbor. 2. 

Townsend'a Submarine Drilling Machine, and Working Vesael attending. 

3. Submarine Drilling Mtkchliic employed. 4. Details of Drilling Machine 

employed, fi. Cartridgea and Tamping used. 0. rusoa and Insuliited Wirea 

used. 7, Portable Friction Battery used. 
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Barnes' Submarine Warfare. 

8v<). Cloth. ♦5.00. 

SUBMARINE WARFARE, DEFENSIVE AND OFFENSIVE. 
Comprising a full and complete History of the Invention of the 
Torpedo, its employment in War and results of its use. De- 
scriptions of the various forms of Torpedoes, Submarine Batteries 
and Torpedo Boats actually used in War. Methods of Ignition 
by Machinery, Contact Fuzes, and Electricity, and a full account 
of experiments made to determine the Explosive Force of Gun- 
l)Owder under Water. Also a discussion of the Offensive Torpedo 
system, its effect upon Iron-Clad Ship systems, and influence upon 
Future Naval Wars. By Lieut. -Commander John S. Barstes, 
U. S. N. With twenty lithographic plates and many wood-cuts. 

*'' A book important to military men, and especially so to engineers and ar- 
tillerists. It consists of an examination of the yarious offensive and defensive 
engines that have been contrived for submarine hostilities, including a discus- 
sion of the torpedo system, its effects upon iron-clad ship-systems, and its 
probable influence upon future naval wars. Plates of a valuable character 
accompany the treatise, which affords a useful history of the momentous sub- 
ject it discusses. A great deal of useful information is collected in its pages, 
especially concerning the inventions of ScHOLL and Vebdu, and of Jokes* 
and HuNT^S batteries, as well as of other similar machines, and the use in 
submarine operations of gun-cotton and nitro-glycerine." — jY. T, Times. 



Randall's Quartz Operator's Hand- 

Book. 

12mo. Cloth. $2.00. 

QUAETZ OPEEATOE'S HAND-BOOK. By P. M. Eindall. 
New edition, revised and enlarged. Fully illustrated. 

The object of this work has been to present a clear and comprehensive ex- 
position of mineral veins, and the means and modes chiefly employed for the 
mining and working of their ores — more especially those containing gold and 
silver. 
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Mitcheirs Manual of Assaying. 



A MANUAL OF rEACTICAL ,\SSAYTNG. By Job\ MmuELi.. 
Third edition. Edited by "Wiluaji CuonKEa, K.K.S. 

Iq this edition &ib incorporated all the liito importnnt disooveriefl in Aaau)'- 
ing made in this country and ubroad, and spenial i^ore is devoted to the very 
important VoluaiBtrio and Coloriiaetric Assays, ae well iia to the Blow-Pipi) 
Assays. 



Benet's Chronoscope. 

Setouil KflHioii. 

Illustrateil. 4to. Cloth. *3.(M1. 

EIjECTR0-B.4L1JSTIC machines, and the Schultz Chroiio- 
scope. By IJeii tenant- Colonel S. V. Bbmet, Captain of Ordnance, 
U. S. Amiy. 

Contents.— 1. Ballistiii Pendidum. 3. Gun Pendulum, 'i. U*e of Elec- 
tricity. 4. Nqvck' MBohinB. 5. Vignotti'sMachine, witli Plates. 6. Benton's 
Electro-RiUiHtio Feudulnm, with Flatae. T. Leur's Tto-Pendulum Maohine 
8. Sehultz's Chconoscojw, with two Plates. 



Michaelis' Chronograph. 

i\a. lUuatmted. aotli. |:3.00. 

THE LE BOULENGfi CHEONOGE.VPH. With three htlio- 
^■aphed folding plates of illustrations. By Brevet Captain E. 
JlirnAKLis, Pirst Ijioutenont Ordnance Corps, U. 8. Army. 

" The excellent monat^ph of Capt^n Michitelia ontors laiuutely into the 
details of eoostruction and nuioa^ment, aaH givea tubleg of the ti^icaof flight 
oalouUted upon a givea fall of the chronometer for all distaoces. Captain 
Uiohaelifl has done good Hervioe in presenting this work to his brother ofBocirg, 
desnribing, as it does, an instrument which bids fair to be in ooiistant use in 
our future bsUistio eiporiraenta.' — J /■"ij tiad Mip// Jtmnurl. 



24 SCIENTIFIC BOOKS PUBLISHED B Y 



Silversmitli's Hand-Book. 

Fourth Editiofi. 

Illustrated. 12mo. Cloth. $3.00. 

A PEACTICAL HAND-BOOK FOE MINERS, MetaUurgists, 
and Assayers, compriBing the most recent improvements in the 
disintegration, amalgamation, smelting, and parting of the 
Precious Ores, with a Comprehensive Digest of the Mining 
Laws. Greatly augmented, revised, and corrected. By Julius 
Silversmith. Fourth edition. Profusely illustrated. 1 vol. 
12mo. Cloth. $3.00. 

One of the most important features of tliis work is that in which the 
metallurgy of the precious metals is treated of. In it the author has endeav- 
ored to embody all the processes for the reduction and manipulation of the 
precious ores heretofore successfully employed in Grermany, England, Mexico, 
and the United States, together with such as have been more recently invented, 
and not yet fully tested — all of which are profusely illustrated and easy of 
comprehension. 



Simms' Levelling. 

8vo. Cloth. $2.50. 

A TREATISE ON THE PEINCIPLES AND PRACTICE OF 
LEVELLING, showing its application to purposes of Railway 
Engineering and the Construction of Roads, &c. By Frederick 
W. Simms, C. E. From the fifth London edition, revised and 
corrected, with the addition of Mr. Law's Practical Examples for 
Setting Out Railway Curves. Illustrated with three lithographic 
plates and numerous wood-cuts. 

" One of the most important text-books for the general surveyor, and there 
is scarcely a question connected with levelling for which a solution would be 
sought, but that would be satisfactorily answered by consulting this volume." 
— Mining Journal. 

" The text-book on levelling in most of our engineering schools and col- 
leges." — Engineers. 

"The publishers have rendered a substantial service to the profession, 
especially to the younger members, by bringing out the present edition of 
Mr. Simms' useful work." — Kngineering. 
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Eads' Naval Defences. 

4to. Cloth. 15.00. 



f 

^H SYSTEM OF NAVAI, DEFENCES. By James B. Eaiw, 0. E. , 
^H Export to the IIotiDrable Oideon Welles, Secretai^ of the Navy, 
^H| February 22, I8GS, with ten illuatratians. 

1 

^K Stuart's Naval Dry Docks. 

^^H^ Twt^ty-foiir enjmivlii^u on iit«<'l. 

^ Foutth Edition. 

4to. Cloth. ROO. 

THE NAVAL DRY DOCKS OF THE UNITED STATES. 
By Chahi.m B. Stc.vbt, Engineer in Chief of the United States 

Lint <.if 1 Ihuiti'atitjiiK. 

Pumping Engino and Pumpg — V\aa of Dry Dock and P amp-Well — Hoc- 
tionB of Dry Docih — En^jino HouBe — Iron Floating Qate — DetoitB of Flontiiig; 
(jBte— Iron Turning Gate— Plan of Taming Gato— CalvDrt Qate— Filling 
CulvBrt Gates — Engino Bed- — Plato, Pompn, and Calvert — Engine House 
Roof— Floating Sectional Doti— Details of Section, and Plan of Tum-Tablea 
— FUn of Basin and Murine Bailwaya — Plan of Sliding Frame, and Elevation 
of Fampi— Hydraulic Cylinder— Plan of Gearing for Pumps and End Floats 
— Perapcctivo View of Dock. Basin, and Railway— Plan of Basin of Porte- 
inouth Dry Dock — Floating Balance Dock^Elovation <'{ Trusses and the Ma- 
chinery—Perspective Virw of Balance Dry Dock 

Free Hand Drawing. 

rrotiiBolj lUnatratod. IHino. Cloth. 75 couLs. 

A (iUlDK TU OKNAMENTAI^ Figuru, and Landacain; Draw- 
ing. By aa Art Student. 

CoSTBSTS. — Mat*riala employed in Drawing, and how to use theio— On 
Lines and how to Draw them — On Shading— Concerning lines and shading, 
with applications of them to simple elementary subjoots — Sketches from Na- 
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Minifie s Mechanical Dra^ng. 

Eighth Edition. 

Royal 8vo. Cloth, f 4.00. 

A TEXT-BOOK OF GEOMETRICAL DRAWING for the i 
of Mechanics and Schools, in which the Definitions and Uules 
Geometry are familiarly explained ; the Practical Problems i 
arranged, from the most simple to the more complex, and in th 
description technicahties are avoided as much as possible. W 
illustrations for Drawing Plans, Sections, and Elevations 
Buildings and Machinery ; an Introduction to Isometrical Dk 
ing, and an Essay on Linear Perspective and Shadows. Ill 
trated with' over 200 diagrams engraved on steel. By \^ 
Minifie, Architect. Eighth Edition. With an Appendix on 
Theory and Application of Colors. 

" It is the beat work on Drawing that we have ever seen, and is especial 
text-book of Geometrical Drawing for the use of Mechanics and Schools, 
young Mechanic, such as a Machinist, Engineer, Cabinet-Maker, Millwrij 
or Carpenter, should be without it.** — Scientific American. 

« One of the most comprehensive works of the kind ever published, and ( 
not but possess great value to builders. The style is at once elegant and e 
stantiaL" — Pennsylvania Inquirer. 

" Whatever is said is rendered perfectly intelligible by remarkably m 
executed diagrams on steel, leaving nothing for mere vague supposition ; ; 
the addition of an introduction to isometrical drawing, linear perspective, 
the projection of shadows, winding up with a useful index to technical ten 
— Glasgow Mecluinics' JournaL 

D^* The British Government has authorized the use of this book in 11 
schools of art at Somerset House, London, and throughout the kingdom. 



Minifie's Geometrical Drawing. 

yeiv Edition* EnlargetL 

12mo. Cloth. $2.00. 

GEOMETRICAL DRAWING. Abridged from the octavo editi 
for the use of Schools. Illustrated with 48 steel plates. N 
edition, enlarged. 

*• It is well adapted as a text-book of drawing to be used in our High Sch« 
and Academies where this useful branch of the fine arts has been hitherto 
much neglected." — Boston Journal. 
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Bell on Iron Smelting. 

Hvo. Cloth. $8.01. 
CHEMICAL THENOMENA OF IRON SMELTING. An ex. 
perimental and practical exauiiiiation of the t-ircum stances wliich 
determine the capacity of the Blast Fumaoe, the Temperature 
of the Air, and the Proper Condition of the Materials to be 
operated upon. By I. Lowthias Bei.).. 

" The reactions which take place in every foot of tho bUat-fumiu* have 
been invKitigated, and the nature of every atep in the prooeaa, from the intro- 
duotion of the raw material into the furnace to the production of the pig iron , 
hug Tieen caiofnlly ascertained, and recorded so fully that any one in tho trade 
can readily avail tbemselveB of the knowledge ax:quired ; ajid we have no hes- 
itation in saying that the Judicious application of auch knowledge will do 
nxnch to facilitate the introduction of arrangements which will still further 
economize fuel, and at the eamo time permit of the quality of the resulting 
metal being- maintained, if not improved. The volume is one which no prac- 
tical pig iron manufacturer can sCFord to be without if he be desirouB of en- 
tering upon that competition which nowadays is esBential to progresa, and 
in issuing auch a work ISx. Belt has entitled himself to the best thanks of 
every member of the trade." — London Sfining Jovrnal. 



King's Notes on Steam. 

Tliirteenth EiUtloii. 

Rvo. Cloth. S2.00. 

LESSONS -AND PEACTICAI- NOTES ON STEAM, the Steam- 
Engine, PropellerB, Ac, &c., for Toung Engineers, Students, and 
others. By tho lato W. E. Kino, U. S. N. Eeyised by Chief- 
Engineer J. W, KisQ, IT. 8. Navy- 

" This ia one of the best, because eminently plain and practical treatises on 
the Steam Engine ever published. '—PhilmUlphm Free). 

Thia ia tho thirteenth edition of a valaablc work of the late W. H. King. 
U, S. N. It contains lessons and practical notes on Steam and the Steam En- 
gine, Propellers, etc It ia calculated to be of great use to young marine eu- 
gineera, students, and others. The text is illnatrated and explained by nu- 
merous diagrams and representations of machinery. —iJwton DaH;/ Adver- 

Toit^book at the U. S. Naval Academy, Annapolis. 
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Burgh's Modern Marine Engineering. 

Ono tliiuk 4to vol. Cloth. *2r..O0. Half raorocco. *.10.00. 

MODERN MARINE ENGINEERING, appUed to Paddle and 

Screw I'ropuision, Consisting of 3G Colored Plates, 2oi> Practical 
Wood-cut Illustrations, and 403 pages of Descriptive Mat t«r, tbo 
whole being an exposition of the present practice of the follow- 
ing firms : Messrs. J. Penn & Sons ; Messrs. Maudslny, Sons & 
Field; Messrs. James Watt & Co.; Mesars. J. & G. Rennie; 
Messrs. R, Napier & Sons ; Messrs. J. & W, Dudgeon ; Messrs, 
Ravenhill & Hodgson; Messrs. Humphreys & Tenant; Mr. 
J. T. Spencer, and Messrs. Forrester & Co. By N. P. Bmnn, 
Engineer. 

PuiKClPAT. CosTBKTB.^General Amingoiii?nt« uf Engines, 1 1 exiim[te 
— Geneml ArraiigBnient of Boilers, 14 eiamplOB ^General Arrangement otj 
Supcrkenters, 1 1 oxamplea — Details oi 'Oacillatiiig Faddle En^nes, 34 eS*« 
amples — Condenseni for Screw Engines, both Injection sjid Sarf]ice, SO 
ampleg— 'Details of Sarew Engines, SO eiamplea — Cylinders and Details of 
Screw Eng'ines, 21 examples — Slide Valves and Details, 7 eKainploa^Blide 
Valve, Link Motion, 7 Bxamplcs — Expansion Valves and Gear, 10 eiam- 
plos — Detaila in General, 30 eiamples— Sorow Propeller and Fittings, 13 es- 
amplea Engine and Boiler Fittings, 28 examples - In relation to tho Prinoi- 
ples of the Alarine Engine and Boiler, ^3 examples. 

Notices of the I'ree". 

"Every conceivable detail of the Marine l^ngine, under all its various 
forms, is profuselj', and wo must add, admirably illustrated hj a multitude 
of engravingH, selected from the best and most modem practice of tho fini 
Marine Engineers of the day. The chapter on Condensers is peculiarly valu- 
able. In one word, there is no other work in eiisti nee which will bear a 
moment's cempariaoa with it as an exponent of the skill, talent aiid practical 
experience to which is duo the splendid reputation enjoyed by many British 
Marine ^DgineGTs" ^ Engiiie^F. 

" This vary comprehensive work, which was issued in Monthly parte, has 
just been completed. It contains larj^e and full drawings and cnpinag dl^- 
Bcriptions of most of the best examples of Modem Marina Engines, and it is 
a complete theoretical and practical treatise on the subject of Marine Engi- 
neering." — Atnfriean- Artisan. 

This is the only edition of thu above work with the bciiutifully ■•olorM 
plates, and it is out of print in England. 
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Bourne's Treatise on the Steam En- 
gine. 

Xlnth KiUtioH. 

lUuBtnited, 4ta. Cloth. 115.00. 
TREATISE ON THE STEAM ENGINE in its varioua applica- 
tiona to Mines, Mills, Stuam Navigation, Eailwaya, and Agricul- 
ture, with the theoretical investigations respecting the Motive 
Power of Heat and the proper Proportions of Steam Engines. 
Elaborate Tables of the right dimensions of every part^ and 
Practical Instructions for the Manufacture and Management of 
every species ofEnfjine in actual use. By Johs Bocrnb, being 
the ninth edition of " A Treatise on the Steam Engine," by 
the " Artisan Club." Illustrated by thirty-eight plates anil five 
hundred and forty-six wood-cuts. 

As Mr. Bourrm's work his tho great msrit of avoiding unsouiid imd imiiia- 
tore views, it may Rifely be conHultcd by all who are really deBirouB of ac- 
quiring tniHtworthy infonnatian on the aubject of which it treats. Duringf 
the tw-enty-two years which have elapBed from the iaaue of the firat edition, 
the improvements introdnrxid in the oonfitmttion of the steam engine havo 
been both noiuerouB Bud imporiiuit, and of tliese Ur. Bourne has taken care 
to point out the more prominent, and to furnish the reader with such infor- 
mation aa shall enable him readily to judge of their relative value. This edi- 
tion has been Iboroughlj modernized, and made to accord witli the opinions 
and practice of the more succesaful engineers of the present day. Al! that 
tho book profceses to give ia given with ability and evident care. The scien- 
tifio principles which are permanent are admirably explained, and reference 
L-i made to many of the more valuable of the recently introduced engines. To 
express an opinion of tho value and utility of such a, work as Tim Al-linan 
Vlub'a Treaties, nn tli6 SUiin Kitghis, which has pasHed tlirough eight editions 
already, wauld be aupcrfluoua ; but it may be safely stated that the work is 
worthy the attentive study of all either engaged in the manufacture of steam 
engiaoa or interested in economizing the use of steam. — J/iniiij Journal. 

Isherwood's Engineering Precedents. 

Two Vols, in One. 8vo. Cloth. f3..')0. 
ENGINEERING PRECEDENTS FOR STEAM M^iVCHINEKY. 
tho most practical and useful manner for Engiat 



L By B.^F. Isf 

^1 trations. 



), Civil Eugineer, U. S. Navy. With illus 



30 SCIENTIFIC BOOKS PUBLISHED BY 



Ward's Steam for the Million. 

Ifekv and Hevised Editian. 

8vo. Cloth. $1.00. 

STEAM FOE THE MILLION. A Popular Treatise on Steam 
and its Application to the Useful Arts, especially to Naviga- 
tion. By J. H. Wakd, Commander U. S. Navy. New and re- 
vised edition. 

A most excellent work for the young engineer and general reader. Hany 
facts relating to the management of the boiler and eng^e are set forth with a 
simplicity of language and perfection of detail that bring the subject home 
to the reader. — American Engineer. 



Walker's Screw Propulsion. 

8vo. Cloth. 75 cents. 

NOTES ON SCEEW PROPULSION, its Rise and History. By 
Capt. W. H. Walker, U. S. Navy. 

Commander Walker*s book contains an immense amount of concise practi- 
cal data, and every item of information recorded fully proves that the various 
points bearing upon it have been well considered previously to expressing an 
opinion. — London Mining Journal. 



Page's Earth's Crust. 

18mo. Cloth. 75 cents. 

THE EARTH'S CRUST : a Handy Outline of Geology. By 
David Page. 

" Such a work as this was much wanted — ^a work giving in clear and intel- 
ligible outline the leading facts of the science, without amplification or irk- 
some details. It is admirable in arrangement, and clear and easy, and, at the 
same time, forcible in style. It will lead, we hope, to the introduction of 
Geology into many schools that have neither time nor room for the study of 
large treatises.** — The 3^useum. 
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Rogers' G-eology of Pennsylvania. 

3 VoU. 4to, «,-ith Portfolio of Mups. Clotli. *30.00. 
THE GEOLOGY OF PENNSYLVANIA. A GovernmBnt Sur- 
vey. With a general view of the Geology of the United States, 
Easaya on the Coal Formation and its Fossils, ami a description 
of the Coal Fields of North America and Great Britain. By 
Hbhby Dauwin EoGEits, Late State Geologist of Pennsylvania. 
Splendidly illustrated with Plates and Engravings in the Te.^t. 

It (tertoinly Bliould be in ever; public libmry ..nrougliout tlie country, and 
liki^wiso iu the poaaession of all students of Geolo^'yl. After the final aulc of 
those oopies, the work will, of course, beeome more valnablc. 

Tbe work for the last Rvc yeitrs bii« been entirely out of the mnrket, but n 
few copies that remained in the hands of Prof. Kogera, in Scotland, nt the 
time of his death, an? now offered to the public, at a. priuc which is even 
lielow what it was originally sold for when first published. 



Morfit on Pure Fertilizers. 

With 2S Illu»triaive Plates, Hvo. Cloth, $20.00, 

A PRACTICAL TREATISE ON PUEE FEETILIZEES, and 
the Chemical Conversion of Eock Guanos, Marlstonea, Coprolites, 
and the Crude Phosphates of Lime and Alumina Generally, into 
3 Valuable Products. By Campbki.l Moufit, M.I)., F,C,S, 



Sweet's Report on Coal. 

fvo. Cloth. |:),on, 
SPECIAL liEPOPT ON COAL ; showing its Distribution, Classi- 
fication, and Cost delivered over different routes to various points 
■ in the State of New York, and the principal cities on the Atlantic 
Coast. By S. H, Swekt. With maps. 



Colburn's G-as "Works of London. 

i2mo. Boards. 00 centa. 
GAS WOEKS OF LONDON, By Zbr.« Colbceh, 
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The Useful Metals and their Alloys 
Scoffren, Tniran, and others. 

Vifth Edition. 

8y.., TIaltoftlf. ^\.ir,. 

THE USEFUL METALS AND THEIIl ALLOYS, iacaa( 
MINING VENTILATION. MININa JUlilSPRUDEN 
AND METAI.LURG1C ClIEMISTKY employed in tho ooni 
Bion of IllON, COl'l'EU, TIN, ZINC, ANTIMONY, A: 
LEAD 0KE8, with thuir applicatioas to THE INDUSTBI 
ARTS. By Joits Rcofi-kbn, William TRUR-ts, William Ci 
Robert Oxlahu, Wir,L[VM "F.uRiiArns, W. C. Aitkin, and W 



Collins" Useful Alloys. 

IWmo. Flciibie. To nonta. 

THE I'RIVATE BOOK OP USEFUL ALLOYS aud Mei 
randa for Ooldaraiths, Jowollers, etc. By Jakeh E. Coluks i 

Tliis little book ia compiled front notes miido hy the Authoi- from 
papers of one of thn liLrgnst and most emineat UaDiifsctnring^ Ckildsmitlia 1 
JeweUera in tMa country, and as the firm IB now no longer in eiiatenoe, and' 
Author ia at present engaged in aoma othor undertaldug, he now offers to' 
public the benefit of his eipericDce, and in so doing he begs to state that 
the allojs, etc., given in these pages mny be uonfldently relied on as be 
thorouglily praotieahle. 

The MotnoraDila and Receipta throughout tliia book ure also oompl 
from practice, and will no doubt bo found useful to the practical jewel 
-^Shirley, July, 1871. 

Joynson's Metals Used in Construotioj 

13mo. Cloth. TG cenU. 

THE METALS USED IN CONSTRUCTION: Iron, 8lfl 
Besaemer Metiil, etc., etc. By Frascw IIkrhkrt Joy.vsok. 
luBtrated. 

" In tho iotoreata of practical soionce, wh arc bound to uotltc this woi 
and to those who wieh further information, we should say, buy it ; and i 
outlay, we honestly beliere, will be considered well spent.'' — l^eienb 
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HoUey's Ordnance and Armor. 

4B3 Engravinga. Half Roqu, flO.OO. Half Russia, JIS.OO. 

^A TEKATISE ON ORDNANCE AND ARMOR— Erabracmg 
DeBcriptions, Discussions, and Profeesional Opinions concerning 
the Materiai, Fabrication, Requirements, Capabilities, and En- 
durance of Europeim and American Guns, for Naval, Sea Coast, 
and Iron-clad Warfare, and their Rifunq, Puojectilbs, and 
Bbekch-Loauinq ; also, Results of Experiments against Axmor, 
from Official Records, with an Appendix referring to Gun-Cotton, 
Hooped Guns, etc., etc. By Ai.ekaxder L. Holleit, B. P. 948 
pages, 493 Engravings, and 147 Tables of lieauItB, etc. 

Crt.VPTRR I.— Standard Guna and their rabriciation Described: Section 1. 
Hooped Guns ; Section 3. Solid Wrought Iron Guna ; Section S. Solid Steel 
Guna ; Section 4. Caat-Iron Guna. Chatter II.. — The Requirements of Gnns, 
Armor: Section 1. Tlie Work to be dona ; Section 3. Heavy Shot at Low Ve- 
luoitiea; Section 3. Small Shot at High Velocities; Seotion 4. The two Sjh- 
tems Combined; Section 5. Breaching Masomy. Ch.u^icr III. — The Strains 
and Structure of Ouhb: SectiDii 1. Resistance to lUastio PreBsnre; Section 2. 
The Effects of Vibration; Seotiou 3, The Effects of Heat Chaptek IV.— 
Cannon Metals and Fmcosaesof Fabrication: Section 1. Elasticity and Ductil- 
ity; Section 3. Cast-iron; Section 3. Wrought Iron; Section 4 Steel; Sec- 
tion G. Bronze; Section 0. Other Alloys. CaAPTER V. — Rifling and Projeo- 
tilea; Standard Forms and Practice Described; Early Eiperiments ; The 
Centring System; The Compresaing System; The Expansion System; Armor 
Punching Projectiles ; Sheila for Molten Metal ; Corapetitive Trial of Rifled 
Guns, 1862; Dnty of Rifled Guns: Qenoral Uses, Accnraey, Range, Velocity, 
Strain, Liability of Projoctile to Injury ; Firing Spherical Shot from Rifled 
Guna; Material for Armor-Punching Projectiles; Shape of Armor-Punching 
Projeotiles; Capacity and Destructiveness ot Sheila; Elongated Shot Jrom 
Smooth Bores; Concluaiona; Velocity of Projectiles (Tahlel. ChAptkk VI.— 
Breech-Louding Ailvantagca and Defcota of the System ; Rapid Firing and 
Cooling Guns by Machinery ; Standard Breeoh-Laadera Described. Part Sec- 
ond : Enperiraeuts againat Armor; Account of Eiperiments from Official 
Records in Chronolt^cal Order, AppBMDIS. — Report on the Application of 
Gun-Co ttou to Warlike Purposes — British Association, 1803; Manufacture and 
Experiments in England ; Gnns Hooped with Initial Tension — History; How 
Guns Burst, by Wiard, Lyman's Accelerating Qnn; Endurance of Parrott 
and Wbitworih Guns at Charleston ; Hooping old United States Cast-Iron 
Gnns; Endurance and Ancuracy ot the Armstrong 600-ponnder; Competitive 
Trials with 7-inch Guna. 
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Peirce's Analytic Mechanics. 

4to. Cloth. $io.oa 

SYSTEM OF ANALYTIC MECHANICS. Physical and Celestial 
Mechanics. By Benjamin Peirce, Perkins Professor of Astronomy 
and Mathematics in Harvard University, and Consulting^ As- 
tronomer of the American Ephemeris and Nautical Almanac. 
Developed in four systems of Analytic Mechanics, Celestial 
Mechanics, Potential Physics, and Analytic Morphology. 

'^ I have re*examiiied the memoirs of the great geometers, and have strivea 
to consolidate their latest researches and their most exalted forms of thought 
into a consistent and uniform treatise. If I have herehy succeeded in open- 
ing to the students of my country a readier access to these choice jewels of 
intellect ; if their hnUiancy is not impaired in this attempt to reset them ; i^ 
in their own constellation, they illustrate each other, and co&centrate 
a stronger light upon the names of their discoverers , and, still more, if any 
gem which I may have presumed to add is not wholly lustreless in the collec- 
tion, I shall feel that ray work has not been in vain." — Extract from t/ie Pre^ 
face. 

Burt's Key to Solar Compass. 

Second Edition. 

Pocket Book Form. Tuck. $3.50. 

KEY TO THE SOLAR COMPASS, and Surveyor's Companion ; 
comprising all the Rules necessary for use in the field; also, 
Description of the Linear Surveys and Public Land System of 
the United States, Notes on the Barometer, Suggestions for an 
outfit for a Survey of four months, etc., etc., etc. By W. A. 
Burt, U. S. Deputy Surveyor. Second edition. 



Ohauvenet's Lunar Distances. 

8vo. Cloth. $2.00. 

NEW METHOD OF CORRECTING LUNAR DISTANCES^ 
and Improved Method of Finding the Error and Rate of a Chro- 
nometer, by equal altitudes. By Wm. Chauvenet, LL.D., Chan- 
cellor of Washington University of St. Louis. 
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Jeffers' Nautical Surveying. 

lUuatrated with S Copperplates and 31 VTood-out Illustrationa. 6vo. 
Cloth. »5.00. 

NAUTICAL SUHVFA'ING. By Wiluam N. Jkffeks, Captaiu 
U. S. Navy. 

Uany booha hare besn written on eHuh of the aubjeota treated of m the 
Bixteen chapters of this work: and, to obtain a completo knowledge of 
geodetic surveying requLreH a profoniid stud; of the whole range of loathe' 
matioal and physical sciencos; but a ynar of preparation should reader any 
intelligBnt officer tompetent to conduct a nantioal surrey. 

CONTKNTa. — Chapter I. Formuhe and Constanta Useful in Surveying 
II. DiatinctiTe Cliaracter of Surveys. IIL Hydrographie Surveying' under 
Sail; or. Running Survey. IV. Hydrograpbic Surveying of Boata ; or, Har- 
bor Survey. V. Tides — Definition of Tidal Phenoniena — Tidal Observaliona. 
VI. Measurement of Baaea — Appropriate and Direct VII. Meaanrament of 
the Angles of Triangles — Azimutha— Astro ooraical Bearing*. Vnl. Correo- 
tiona to be Applied to the Observed Angles. IX. Levelling — Difference of 
Level. X. Computation of the Sides of the Triangulation — The Three-point 
Problem. SI. Determination of the Oeodetic Latitudes, Longitndea, and 
Aiimutlia, of Pointa of a Triangulation. XIL Summary of Snbjeota treated 
of iu preceding Chapters — Eiamplea of Computation by various Formulm. 
XIII. Projection of Charts and Plans. XIV. Astronomical Detenniuation of 
Latitude and Longitude. XV. Kagaetic Observations. XVI. Deep Sea 
Soundings. XVII. Tables for Appertaining Distances at Soa. and a fall 
Index. 

Lhl of Platex. 
Plate I. Diagram lllostrative of the Triangulation. II. Specimen Page 
of Field Book. m. Running Snrrey of a. Coast. IV. Example of a Running 
Survey from Belcher. V. Flying Surirey of an laland. VI. Survey of a 
Shoal. VII. Boat Survey of a Kiver. VIIL Tbreo-Puint Problem. IX. 
Triangulation. 

Coffin's Navigation. 

Fifth Kilition. 



NAVIGATION AND NAUTICAT- ASTRONOMY. Trepared 
for the use of tlie U. S. Naval Academy. By J. H. 0. Coffin, 
Prof, of Astronomy, Navij^f-ation and Surveying, with 52 wood- 
cut Ulustrationa. 
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Clark's Theoretical Nayigation. 

8vo. Cloth. $3.00. 

THEORETICAL NAVIGATION AND NAUTICAL ASTEON- 
OMY. By Lewis Clark, Lieut. -Commander, U. S. Navy. Il- 
lustrated with 41 Wood-cuts, including the Vernier. 

Prepared for Use at the XT. S. Naval Academy. 



The Plane Table. 

Illustrated. 8vo. Cloth. $2.00. 

ITS USES IN TOPOGRAPHICAL SURVEYING. From the 
Papers of the U. S. Coast Survey. 

This work ^ves a description of the Plane Table employed at the U. S. 
Coast Survey Office, and the manner of using it. 



Pook on Shipbuilding. 

8vo. Cloth. $5.00. 

METHOD OF COMPARING THE LINES AND DRAUGHT- 
ING VESSELS PROPELLED BY SAIL OR STEAM, in- 
eluding a Chapter on Laying off on the Mould-Loft Floor. By 
Samuel M. Pook, Naval Constructor. 1 vol., 8vo. "With illus- 
trations. Cloth. $5.00. 



Brnnnow's Spherical Astronomy. 

8vo. Cloth. $6.50. 



SPHERICAL ASTRONOMY. By F. Brunnow, Ph. Dr. Trans- 
lated by the Author from the Second German edition. 



D. VAN' mJSTnAN-Ii. 37 

Van Buren's Formulas. 

8vo. Cloth. *2.00. 

INVESTIGATIONS OF FORMULAS, for the Strength of the 

Iron Parts of Steam Machinery. By J. D. Van Bukbn, Jr., O.E. 

Illustrated. 

This is an analytical discuasion of tlio fonnaln employed by mechanical 
engineeta in detenniniii^ the rupturing or crippling: pressure in the different 
parts of a machine. The fonnnhe are tonnded upon the principle, that the 
different parts of a machine should be equally strong', and are developed in 
referonco to the ultimate strength of the material in order to leave the choice 
of a factor of safety to the judgment of the designer. —Si'Htinan'* Joumnl. 

Joynson on Machine Gearing. 

Bvo. Cloth. *2.00. 
THE MECHANIC'S AND STUDENT'S GUIDE in the Design- 
ing and Construction of General Machine Gearing, as Eccentrics, 
Screws, Toothed Wheels, etc., and the Drawing of Rectilineal 
and Curved Surfaces ; with Practical Eules and Details. Edited 
hy Fbascis Heebert Joyssos. lilustratfld with 18 folded 
plates. 

" The aim of thia work is to be a guide to mechanioa in the designing and 
oonstraotion of general machine-gearing. This design it well fulfils, being 
plainly and sensibly written, and profusely illastrated." — SiiiuUiy Tiniei. 



Barnard's Report, Paris Exposition, 
1867. 

Illustrated. 8va. Cloth. $5.00. 

REPORT ON MACHINERY AND PROCESSES ON THE 

INDUSTRIAL ARTS AND APPARATUS OF THE EXACT 

SCIENCES. By F. A. 1'. Bak-sahd, LL.D.— Paris Universal 

Exposition, 1867. 

" We have in this volume the results of Dr. Barnard's study of the Paris 
Exposition of 1807, in the fonn of an official Report of the Govecnnjent It 
is the most eihanstii-e treatise upon modem inventions that has appeared 
since the Universal Exhibition of 1851, and wc doubt if anything equal to it 
ha* appeared this century." — Jinirnnf Ap^itd ChemUtrj/. 



SCIA'IfTIFIC SOOKS PVBLISHEI} ST 

Engineering Facts and Figures. 

lUma. CloUi, $2.50 per Volume. 

AN ANNUAL REGISTER OP PROGRESS IN MECHANI- 1 
CAL ENGINEERING AND CONSTRUCTION, for the Yeara | 
1863-64-05-66-67-68. Fully iUustratfiil. 6 volumes. 

B»oh Tolumc HOld Heparalely. 



Beckwith's Pottery. 

Svo. Cloth. !fl.50. 

OBSERVATIONS ON THE JIATERLILS aad Mauufiioturo of | 
Terra-Cotta, Stone-Ware, Fira-Brick, Porcelain and Bncaiistici j 
Tiles, with Remarks on the Products cixhibited at the Iioiidoa I 
International Exhibition, 1871. By Arthur Bkckwith, Giv3 I 

Engineer. 

" Everytliiiig is noticed in thig book which oomea under the head of Pot- ' 
tery, from flno porcelain to ordinary brict, and aside from the interest which 
nil taka in such mona&cturoB, the work will be of connderabte value t 
followers of the ceramic arl" — Ksenins Mail. 



Dodd's Dictionary of Manufactures, etc. 

12ino. aoth. #3.00. 

DICTIONAEY OF MANUFACTURES, MINING, MACHIN- 
ERY, AND THE INDUSTRIAL ARTS. By George Boon. 

This work, a small book on a great aubject, treats, in alphabetical ttP- 
runj^nment, of those nuniDroiu matters which come gonerullif within the raaga 
of manufactures and the productive trts. The raw matcrialB — animal, vcgc- I 
table, and mineral-^whence the manufactured producta arc derived, arc sc 
uinctly noticed in connection with the pruceHses which they undergo, but n 
as subjects of natural history. The operation.') of the Sfino and the Mill, the | 
Foundry and tlie Forge, the Factory und the Workshop, are passed under re- 1 
view. The principal machines and engines, tools and apparatus, concerned 
manufacturing processes, are briefly descFibed. The scale on which our ol 
branohea of notional indostry are conducted, iti regard to valnes and quantities, 
is indicated in various ways. 
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Stuart's Civil and Military Engineer- 
ing of America. 

8vo. Illustrated. Cloth. ?5,00. 

THE CrVlL AND MITJTAKY ENGINEERS OF AMEEICA. 

By General Chakles B. Btujet, Author of "Naval Dry Docks 
of the Uaited States," etc., etc. Embellished with nine finely 
executed portraita on steel of eminent engineers, and illustrated 
by engravings of some of the most important and original works 
constructed in America. 

Contslnmg sketuhea of the Life and Workfi of Major Andrew iEHicatt, 
I James Geddea (with Portmit', Bunjaniin Wright (with Portrait), Cauvasa 
I White (with Portrait], Duvid Stanhape Bates, Nathan S. Eoberta, Gridley 
I Bryant (with Portrait), General J(«eph G. Swift, Jeeso L. Williams (with 
[ Portrait;, Colonel William MoEee, SamiLel H. Kneaas, Captain John Childe 
I with Portrait\ Frsderiok Harbnoh, Major David Bates Douglas (with Por- 
I trait], Jonathan Knight, Benjamin II. Latrobe (with Portrait), Colonel Char- 
I les Ellet, Jr. iwith Portrait), Samuel Forrer, "WiUiani Stuart Watson, Jahn 
A. Roebling. 

Alexander's Dictionary of Weights 
and Measures. 

Svo. Cloth. ^3.50. 

UNIVERSAL DICTIONARY OP ^VEIGHTS AND MEAS- 
URES, Ancient and Modern, reduced to the Btandarda of the 
United States of America. ISy J. II. ALEx.vsnEa. New edition. 
Ivol. 
" Aa a standard work of reference, this book flliould be in every library ; it 

is one which we have long wanted, and it will save mutih trouble and re- 

aeareh." — Scientific Ani^riean. 



Gouge on Ventilation. 

Third Edition Knlargad, 

8vo. Clolh. fa.oo. 
NEW SYSTEM OF VENTILATION, which has been thoroughly 
tested under the patronage of many distinguished jiersona. By 
IIbsbt a. Gocoe, with many illustrations. 
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Saeitzer's Acoustics. 

ISmo. Cloth. 13.00. 

TBEATI8E ON ACOUSTICS in Connectiou with Ventilation. J 
With a new theor? based on an important discoreiy, of facilitat- J 
Ing clear and intelligible eound in an^ building. By AlbxasdekI 
Saeltzer. 

" A practical and Tsr^ souud treatise on u Bubjoct of great importanoe h 
archlteota, and one to whioh there hai hitherto been entirly too little attenlioii 
paid. The author's theory ia, that, bf beatflwing propel care upon the poisl 
of Acousti(», the raigniaile Tentilation will be obtained, and otM cot'ao.-^ 
Brooklyn Union. 




Myer's Manual of Signals. 



12mo. 48 FlatcH ^l^ Roan. |0.D0. 

MANUAL OF SIGNAT.S, for tbe Use of Signal Officers in the 
Field, and for Military and Naval Students, Military Schools, 
etc. A new edition, enlarged and illuBtrated. By Brig.-Gen. 
Albert J. Myek, Chief Signal Officer of the Army, Colonel of 
the Signal Corps during the "War of the Rebellion. 



Larrabee's Secret Letter and 
Telegraph Code. 

l8mo. Cloth, ll.OO. 

CIPHER AND SECRET LETTER AND TELEGRAPHIO 
CODE, with Hogg's Improvements- The moat perfect f 
Code ever invented or discovered. Impossible to read withouj 
the Key. Invaluable for Secret, Mihtary, Naval, and Diplo^ 
matio Service, as well aa for Brokers, Bankers, aud Merchanta 
By C. 9. LAUKiBBE, the original inventor of the schema. 
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Hunt's Designs for Central Park 
Gateways. 

4to. Oloth. $5.00. 
I DESI0N3 FOE THE GATEWAYS OF THE SOUTHEEN 
ENTRANCES TO THE CENTRAL PARK. By Eichied M. 
HuiTT. With a description of the designs. 



[ Pickert and Metcairs Art of Graining. 

1 vol. 4to. Cloth. flO.OO. 
I THE AET OF GHAINING. HowAcquIred and How Produced, 

witii description of oolora and their application. By Chables 
PiCKEET and Abraham Metcalf, Beautifully illuatrated with 42 
tinted plates of tlie various woods uaed in interior finishing. 
Tinted paper. 

The authors present here the result of loop eiperi«nce in the praclioa of 
tMa deaoTBtive ftrC, and feel cnnfldent that the; hereby offer to their brother 
aana n reliable guide to improTement in the praotioe ot ginning. 



Portrait Gallery of the "War. 

60 fine PortraiU on Steel. Uoyal 8to. Cloth. |(t.OO. 

POETRAIT GALLERY OF THE WAR, CIVIL, MILITAET 
AND NAVAL. A Biographical Record. Edited by FaAifi 

UOOBE. 



One Law in Nature. 

I3mo. Cloth. 11.50. 

ONE LAW IN NATURE. By Capt. H. M. Lazelle, U. S. A. 

A New Corpuscular Theory, comprehending Unity of Force, 
Identity of Matter, and its Multiple Atom Constitution, applied 
to ths Physical Affections or Modes of Energy, 
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West Point Scrap Book. 

00 Eng^Tiviinfa and Mup. 8vo. Eitri Clotb. fr'S.OO. 
WEST POINT SCRAP BOOK. Being a Collection oi 

re., of the U. S. Military Academy. By Lieut. 0. 

E. Woo», U. 8. A. Beautifully printed on tinted paper. 

" It is the work o! several difloreut ifritera, whosa namea are withLeld faun 

the public, but whose oontributions all bear a Joaided flaior of their oripn, 

preaervia^ the unity of a military ednoation and experience. The TOlnme 

abDunda with peraonal anffitdotea and humorous narrutives, aeasoned vith 

' ' " ' ' ' ' longs, and presenting a vivid, and doubtle 

LT lights and ahad«a of West Point lifsL"- 



N. T. Tribm. 



History of "West Point. 



Seroiul JEilltioii, 

With ao Illnstratioiia and Mups. 8vo. E.ttra Cloth. |:i.50. 

HISTORY OF "WEST POINT. Its Military Importance during 

the American Revolution, and the Origin and Progress of tha V. 

a. Military Academy. By Bvt.-Major E. G. Botntos. 416 

Printed on tinted paper. 
" Aaide from its value aa an historical record, the volume und^r notice is an 
entertainiitg gmde-book to the Uilitury Aosdemy and ita surroundiugH. Wo 
have full details of Cadet life frum the day of entrance to that of Kradualiini, 
together with descriptions of the buildinga, grounds and monuments. To 
the multitude oE those who have enjoyed at West Point the combinsd attiM- 
I, this book will give, in its descriptive and illustrated portion, espedal 



plea 



-New York Euening Pogt. 



West Point Life. 



Oblong 8vo. 2i fulI-pago Illuatrations. Cloth, J3,50. 

AVEST POINT LIFE. A Poem read before the Dialectic Sode^ 
of the United States Military Academy, Illustrated with Pea 
and Ink Sketehea. By A Cackt. To which is added the song 
" Benny Havens, Oh ! " 
" Summer visitora at West Point will especially enjoy these illustrationa ; 



and the L', 

ISmo. Blue Cloth, 



Guide to "West Point 

Military Academy, with Maps and Engravings. 



Flexible Covers. 81.00. 



71. VAJV yOSTRAND. 



SILVEE MINING REGIONS OF OOLOEADO, witli Bome 
acoount of the different Prooeases now being introduced for 
working the Gold Ores of that Territory. By J. P. WniurKr. 
12mo. Paper. '25 centa. 



COLORADO : SCHEDULE OF DEES contributed by sundry 
persons to the Paris Univeraal Exposition of 1867, with some 
information about the Region and its Resources. By J. P. 
Whitsbt, Commiaaioner from the Territory. Svo. Paper, with 
Maps. ^5 cents. 



THE SILVER DISTRICTS OF NEVADA. With Mup. 
Paper. 35 cents. 



Svo. 



ARIZONA : ITS RESOURCES AND PROSPECTS. By Hon. 
R. C. McCoHitJCK, Secretary of the Territory. With Map. Svo. 
Paper. '25 cents. 



MONTANA AS IT IS. Being a general description of its Re- 
sources, both Rlineral and Agricultural ; including a complete 
description of the face of the country, its climate, etc. Illustrated 
with a Map of the Territory, showing the different Eoada and 
the location of the different Mining Districts. To which is 
appended a complete Dictionary of The Snake LixouiOE, and 
also of the famous Chinnook Jargon, with numerous critical and 
explanatory Notes. By Gh-^ntiixb Stcabt. Svo. Paper- 82.00. 



RAILWAY GAUGES. A Review of the Theory of Narrow 
Gauges aa appUed to Main Trunk Lines of Railway. By Silas 
Seymour, Genl. Consulting Engineer. Svo. Paper. 50 cents. 



REPORT made t« the President and E.tecutive Board of the 
Texas Pacific Railroad. By Gen. G. P. Bckll, Chief Engineer. 
Svo. Paper. 7.T cents. 
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VAN NOSTBAND-S 
ECLECTIC 

ENGINEERING MAGAZINE. 

COMMEXCKD JANUAKY, 1809. 

<.'onsii4ts of Articles, original and selected, and matter condensed 
Iruui all the Eagiaecring IScientific Serial FublicatiuiiB of Europe 
and America. 

The seventh volume of this MagaKinn tvas completod by the 
issue for December, l%li. 

The growing Buccess dnriTig the past four years demonstrates the 
correctness of the theory upon which the enterprise was founded. 
Communicationa from many auurcea prove that the Magazine has 
met a wide-spread want among the membora of the engineering 
profession. 

A summary of scientific intelligence, selected and sifted from the 
g^at list of American and European scientific joumaJs. is at pres- 
ent afforded by no other means than through the pages of this 
Magazine. 

In the sixth volume, -heginning with January (167;i) number, 
wo commenced some impoi'tant improvements. Each number of 
the Magazine will hereaJt«r contain something of value I'elating to 
each of the great departmente of engineering labor. 

More space than heretofore will be devoted to short discussions 
or elucidations of important formtilro, especially such as have proved 
1 the practice of working engineers ; our facilities for 



affording such items are extensive and rapidly 
The progress of great engineering workf 



this country w-ill be 



vith their illustrations, from 
Eiigliah, French, German, Austrian, and American scientilic peri- 
odicals, will contribute to make this Ma^zine more than ever 
valuable to the engineering profession, and will utford a compila- 
tion without which the library of the working engmeer will be 



Issued in Monthly numbers, illustrated. I'rice $■'> a year in ad- 
vance ; single copies, 6('c. 

NoTiCK TO Nrw BuitacKIBF.RS.— Persons (.■DnHnencing their Buhscrip- 
tions witli the Eighth Vol. (J[U]u>trj,]S78),BDd who arcileBirouBof po^sewinj; 
the work from iU conunencemcnt, will be eupplied with Valumes 1., II., IIL, 
IV., v.. VI., and VH., neatly bound iu cloth, for *aO,00; half morocco, 130.00. 
Single Volumes to complete Sets furnished. Volume I., ^.00. cloth \ (7.00, 
half morocco. Volamea II. to VII., ^M each, cloth ; 1p>M, half moroDoo ; 
dent free by mail or eiprens on receipt of price. 

Notice to Cldbb An cxCra, copy will be supplieil gratis to every Club 

of Rve subscribeiB at fS.OO each, eent in one remittance. 



H. CSAMPIN & GILLET, 



iMPORTEna OP 



rench Bessemer Steel Rails, 



OLD AND NEW IRON RAILS. 



SOLE AGENTS AKD EEPRESENTATIVES IS NORTH AMERICA 



MM. L & E. PAVIN DE LAFARGE 
AND MM. SOULIIER & liRnNOT, 



S 1SrA.SSA.TJ STE.BET, 

p,o.,„„,,B, NEW YORK. 



